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(54) Organic electronic device, method of producing the same, and method of operating the same 



(57) An organic electronic device is provided that 
utilizes a conductive organic thin film having a conduc- 
tive network in the channel region. The conductive net- 
work comprises an organic molecular group made up of 
organic molecules each having a light-responsive group 
or a polar group bonded together by conjugated bonds. 
Thus, high integration and high-speed response is 
made possible. In addition, a method of producing a 
functional organic thin film fixed to a specified portion of 



a substrate surface by covalent bonds is provided. This 
method comprises preliminarily treating the substrate by 
performing an active hydrogen exposure treatment on 
the specified portion (or an active hydrogen removing 
treatment on the portion otherthan the specified portion) 
and reacting the active hydrogens of the specified por- 
tion with organic molecules. Thus, a high precision func- 
tional organic thin film, even one formed to the micron 
pattern level, can be provided. 
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Description 

[0001] The present Invention relates to a two-terminal organic electronic device and a three-tenminal organic elec- 
tronic device (hereinafter referred to together as organic electronic devices), methods of producing the devices, and 
methods of operating the devices, both organic electronic devices being such that an organic material is used in the 
channel region. The present invention also relates to a liquid crystal display device and an electroluminescent display 
device (hereinafter referred to as EL display device) and to methods of producing the display devices, both display 
devices utilizing the organic electronic devices. 

[0002] Furthermore, the present invention relates to a method of producing a functional organic thin film fixed to a 

substrate by covalent bonds, another method of producing an organic electronic device, and methods of producing a 

liquid crystal display device and an EL display device, both devices using this organic electronic device. 

[0003] Conventionally, Inorganic semiconductor materials typified by silicon crystal have been used In electronic 

devices. 

[0004] As for organic electronic devices, a device using organic molecules having electro lytically polymerizable 
groups (see Japanese Patent Publication No. 2507153), for example, has been proposed. In this organic electronic 
device, a conjugated system formed by polymerizing electro lytically polymerizable groups Is used to achieve the switch- 
ing of current flowing between terminals by the application of an electric field. 

[0005] However, with reduction in the size of silicon crystals (to 0.1 \im or less), defects in the silicon have emerged, 
a shortcoming as the performance of a device is conlrolled by the cryslalllnily of the silicon. In addition, because it is 
necessary to use a glass substrate that Is excellent in terms of heat resistance, flexibility Is another shortcoming. 
[0006] Regarding the organic electronic device described above, while It may accomplish the desired end by pro- 
viding a current switching device, application of the device to electronic apparatuses that require high-speed response 
has not been realized. 

[0007] Accordingly, it is an object of the present invention to provide an organic electronic device that enables high 
Integration and high-speed response, a method of producing this organic electronic device, and a method of operating 
this organic electronic device. It is another object of the present invention to provide a device having high-speed re- 
sponse that can be used as an electric field effect switching device in electronic apparatuses that require high-speed 
response, for example, in display devices. 

[O0O8] In view of progress in the reduction of the size of various electronic devices, it is a further object of the present 
Invention to provide a method of producing a functional organic thin film that can be formed with high precision and a 
method of producing an organic electronic device. It is yet a further object of the present invention to provide a method 

of producing a display device utilizing this organic electronic device. 

[0009] The present inventors thoroughly researched means of increasing the response speed of an electronic device 
that uses organic material. As a result, the present inventors discovered that by including light-responsive groups or 
polar groups in organic molecules that make up a conductive organic thin film, sensitivity to light or to an electric field 
increases and a higher response speed results. Thus, the present invention was accomplished. 
[0010] According to one aspect of the invention, there is provided a two-terminal organic electronic device formed 
on a substrate, the device comprising a first electrode, a second electrode spaced from the first electrode, and a 
conductive organic thin film electrically connecting the first electrode and the second electrode, wherein the conductive 
organic thin film comprises an organic molecular group comprising organic molecules each having a light-responsive 
group and has a conductive network in which the organic molecules making up the organic molecular group are bonded 
to one another by conjugated bonds. 

[O011] This construction makes it possible to provide an organic electronic device wherein a channel region electri- 
cally connecting the first electrode and the second electrode is formed using the conductive organic thin film and the 
conductivity of the conductive organic thin film Is changed by light irradiation. By including light-responsive groups in 
the organic molecules that make up the conductive organic thin film, sensitivity to light increases and a higher response 
speed results. Thus, it is possible to change the conductivity of the conductive organic thin film at a high speed. 
[0012] It is thought that the change in the conductivity of the conductive organic thin film occurs because the effect 
of the response of the light-responsive groups to light irradiation is spread by the structure of the conductive network. 
[0013] The light responsiveness Is characterized by reversible changes In the state of the organic molecules with 
light irradiation. The light response takes the form of cIs-trans isomerlzatlon, phptolsomerlzation, or the like wherein 
the order (sequence) of the bonds of atoms making up each of the molecules remains the same, but the spatial con- 
figuration changes. Thus, changes in the conductivity of the conductive organic thin film are reversible in that the 
molecules can be changed back to a specified state by irradiation with light having various combinations of differing 
wavelengths and the like. 

[0014] In addition, the conductive network is a conductive pathway contributing to electric conduction between the 
first electrode and the second electrode. By incorporating a dopant in the conductive network, the conductivity Is Im- 
proved. 



EP1 179 863 A2 



10 



15 



20 



SS 



30 



35 



40 



45 



55 



V"^ conductive organic thin film may be a single layer, multilayer, or partially multilayer structure 
[0016] The conductive organic thin film may be a monomolecular film or a monomolecular built-up film the mono- 
molecular film and the monomolecular built-up film being fixed to the substrate 

[0017] Because the aggregates of organic molecules are oriented to some degree and each polymerizable group is 
approximately in the same plane, this construction makes it possible to easily induce conjugated bonding and form a 
conductive network having a high conductivity in which numerous organic molecules are linked by conjugated bonds 
In addition, the conductive network is spread so that it lies in a plane, and thus even If organic molecules fomiinq one- 
dimensional chains of conjugated polymers make up the organic thin film, two-dimensional electric conduction is made 
possible. Therefore, even a thin film has good conductivity. Moreover, because the organic thin film can be made ven. 
thin response speed can be improved. Furthermore, because the organic thin film is fixed to the substrate by covalent 
bonds. It is excellent in terms of durability, including peel resistance and the like, and can be stably operated for extended 
periods. Thus, a two-terminal organic electronic device that has a thin film, good and uniform conductivity and high- 
speed, stable response is provided. When doping is employed, it Is possible to effectively incorporate the dopant into 
the conductive network. By forming an organic thin film having an arbitrary thickness or employing doping or the like 
the conductivity of the conductive organic thin film is easily adjusted. 

[001 8] The conductivity of the conductive network may change according to the amount of light with which the con- 
ductive organic thin film is irradiated. 

[0019] This construction makes it possible to change the conductivity of the conductive network by adjusting the llqht 
energy absorbed by the conductive organic thin film. This is accomplished by varying the intensity and Ihe length of 
light irradiation. Because changes in conductivity are possible, organic electronic devices such as variable transistors 
can be provided. Generally, absorption characteristics in terms of absorption spectrum vaiy according to the type of 
ight-responsive group. However, by using light of a wavelength that Is excellent in terms of abso^Jtion ratio, condurtivity 
IS changed efficiently and at a high speed. luuwiviiy 

[0020] The conductivity of the conductive network may be shifted to a first conductivity or a second conductivity by 
irradiation of the conductive organic thin film with a first light or a second light, respectively, and may be maintained at 
he irst conductivity or the second conductivity, respectively, after irradiation is terminated, the first light and the second 
light having different wavelengths. 

[0021] This construction makes it possible to switch the conductivity of the conductive network by applying a first or 
a second light while a voltage is applied between the first and the second electrodes to shift the conductivity to a 
stabilized state having a first or second conductivity Because the stabilized state is maintained even after a light is no 
longer being applied, the device has a memory function. Therefore, organic electronic devices such as variable resis- 
tors switching devices, memory devices, light sensois. and the like can be provided. In addition, because the first 
conductivrty orthe second conductivity is dependent on the state of the conductive network before light is applied and 
on the amount of the first or the second light that is applied, it is possible to variably control the conductivity of the 
respective stabilized states by adjusting the intensity and the length of light irradiation. 
[0022] The light-responsive group may be a photoisomerizable group. 

[0023] This construction makes it possible for the conductive network to achieve the stabilized states having the first 
and second conductivities by isomerization. Very high-speed control of the conductivity of the conductive network is 
also made possible. 

[0024] A stabilized state may be considered such so long the conductive network has a stable, specified conductiviW 
when in this state. For example, the conductivity of the conductive network when a first isomer and a second Isomer 
exist at a certain ratio is taken to be the first conductivity, and this state Is taken to be the stabilized state having the 
first conductivity. 

[0025] The photoisomerizable group may be an azo group. 

[0026] This constnjction makes it possible to change the conductivity of the conductive network by isomerization of 
the azo group into a (irst isomer having the trans configuration with irradiation of visible rays and into a second isomer 
having the cis-configu ration with irradiation of ultraviolet rays. 

[0027] The conductive network comprises at least one conjugated system selected from the group consisting of a 
polyacetylene-based. apolydiacetylene-based. a polypyrrole-based. a polythiophene-based. and a polyacene-based 
conjugated system. ' 

[0028] This construction makes it possible to provide a two-terminal organfc electronic device having a conductive 
network with a high conductivity. Examples of the structure of the conjugated system are described with reference to 
general fomiulas (i) to (v). In the present specification, "pdyacetylene-based conjugated system" denotes the bond 
structure of the polymer main chain of polyacetylene as shown in general formula (i). Similarly, "polydiacetylene-based 
conjugated system," "polypyrrole-based conjugated system." "polythiophene-based conjugated system " and "polv- 
acene-based conjugated system" denote the bond structure of the polymer main chain of polydiacetylene (general 
fomiula (II)). the bond structure of the polymer main chain of polypyrrole (general formula (iii)). the bond structure of 
the polymer nnain chain of polythiophene (general fomiula (iv)), and the bond structure of the polymer main chain of 
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polyacene (general formula (v)), respectively. 
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[0029] According to another aspect of the Invention, there is provided a three-terminal organic electronic device 
formed on a substrate, the device comprising a first electrode, a second electrode spaced from the first electrode, a 

50 conductive organic thin film electrically connecting the first electrode and the second electrode, and a third electrode 
sandwiched between the substrate and the conductive organic thin film and Insulated therefrom, wherein the third 
electrode controls an electric field across the conductive organic thin film by application of a voltage between itself and 
the first electrode or itself and the second electrode and the conductive organic thin film comprises an organic molecular 
group comprising organic molecules each having a polar group and has a conductive network in which the organic 

55 molecules making up the organic molecular group are bonded to one another by conjugated bonds. 

[0030] This construction makes it possible to change the conductivity of the conductive organic thin film by applying 
a voltage to the third electrode. In addition, by including polar groups in the organic molecules that make up the con- 
ductive organic thin film, sensitivity to an electric field increases and a higher response speed results. Thus, it is possible 
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to change the conductivity of the conductive organic thin film at a high speed 

[0031 ] It is thought that the change in the conductivity of the conductive organic thin film with application of an electric 
f .e d occurs because the effect caused by the response of the polar groups to the electric field is spread by the structure 
of the conductive network. 

In^ll V"^ conductive organic thin film may be a single layer, multilayer, or partially multilayer structure 
[0033] The conductive organic thin film may be a monomolecular film or a monomolecular buill-up film the mono- 
molecular film and the monomolecular built-up film being fixed to the substrate. 

[0034] Because the aggregates of organic molecules are oriented to some degree and each polymerizable qroup is 
approximately in the same plane, this construction makes it possible to easily induce conjugated bonding and form a 
conductive network having a high conductivity in which numerous molecules are linked by conjugated bonds In addi- 
tion, the conductive network is spread so that it lies in a plane, and thus even if molecules fomiing one-dimensional 
chains of conjugated polymers make up the organic thin film, two-dimensional electric conduction is made possible 
Therefore, even a thin film has good conductivity. Moreover, because the organic thin film can be made very thin 
response speed can be improved. Furthermore, because the organic thin film is fixed to the substrate by covaleni 
bonds. It IS excellent in terms of durability, including peel resistance and the like, and can be stably operated for extended 
periods. Thus, a three-terminal organic electronic device that has a thin film, good and uniform conductivity and hiah 
speed, stable response is provided. When doping is employed, it is possible to effectively incorporate the dopant into 
the conductive network. By fomiing an organic thin film having an arbitrary thickness or employing doping or the like 
the conduclivily of the conductive organic thin film is easily adjusted. 

[0035] The change In the conductivity of the conductive network may be effected by the electric field applied across 
the conductive organic thin film. KK="awu»!> 

[0()36] This construction makes it possible to control the conductivity of the conductive network by applying a voltaae 
thin Mm "''^ ''""^^^^ ^^^"^^ ^° ^'^'"""'^ "^'^ conductive organic 

[0037] The polar group may be a polarizable group that is polarized when an electric field is applied 
[0038] With this construction, the sensitivity of the conductive organic thin film to an applied electric field Increases 
resultmg ,n very high-speed response as long as the polar groups are functional groups that become more polarized 
with the application of an electric field (polarizable groups). 

(0039] The polarizable group may be a carbonyl group or an oxycarbonyl group. Carbonyl groups and oxycarbonyl 
groups are suitable as functional groups for improving response speed. 
[0040] The conductive network may comprise at least one conjugated system selected from the group consisting of 
a polyacetylene-based. a polydiacetylene-based, a polythiophene-based. a polypyrrole-based. and a polyacene-based 

conjugated system. 

[0041] This construction makes it possible to provide a three-terminal organic electronic device having a conductive 
35 network with a high conductivity. " wiiuuwivb 

[0042] According to another aspect of the invention, there is provided a method of producing a two-terminal organic 
electronic device formed on an insulating substrate or an insulating film-covered substrate that is a substrate having 
an insulating film fomied thereon, the method comprising the steps of forming an organic thin film comprising an organic 
molecular group comprising organic molecules each having a light-responsive group and a polymerizable group that 
bonds by conjugated bonds, fonning a conductive network by bonding the organic molecules making up the organic 
thin film to one another by conjugated bonds, and fomiing a first electrode and a second electrode spaced from each 
other so that the first electrode and the second electrode contact the conductive network 

[0043] This construction makes It possible to produce a two-temilnal organic electronic device wherein a channel 
region connecting the first electrode and the second electrode is formed with conductive organic material and the 
conductivity between the first and second electrodes is changed by light irradiation. 

[0044] When the substrate is an insulating substrate such as a glass substrate or a plastic substrate the organic 
thin film can be formed directly on the substrate without using the first insulating film. 

[0045] The organic thin film may be a monomolecular film or a monomolecular bulH-up film, the monomolecular film 
and the monomolecular built-up film being fixed to the substrate. 

[0046] This constnjction makes it possible to fomi a conductive network having a high conductivity 
Inntll ^1'.^'^'=°^''°" °^ Langmuir-Blodgett technique may be utilized in the step of forming an organic thin film 
[0048] This construction makes it possible to easily form an organic thin film having an arbitraiy thickness 
[0049] It is suitable to use a silane-based chemisorbable substance in a step of fomiing an organic thin film in which 
cnemisorption is utilized. 

[0050] This construction makes it possible to efficiently form an organic thin film. 

10051] In the step of forming a conductive network, the bonding of the organic molecules making up the organic thin 
film to one another by conjugated bonds to form a conductive network may be achieved by polymerization or polym- 
enzation followed by crossllnking k" 
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[0052] This construction makes it possible to form a conductive network in which the polymeri7able group of each 
of the organic molecules is linked by conjugated bonds to enable electric conduction. The polymerizable groups may 
be catalylically polymerizable groups, electro lytically polymerizable groups, or polymerizable groups that polymerize 
through energy beam irradiation. In cases in which there is a plurality of polymerizable groups in each of the organic 
molecules making up the organic thin film, a conductive network having a structure different from a structure formed 
only by polymerization can be formed by subjecting the polymer formed by polymerization of one of the polymerizable 
groups of each organic molecule to a crosslinking reaction, whereby it forms conjugated bonds with the other polym- 
erizable group of each of the organic molecules. In this case, the other polymerizable group, on a side chain of the 
polymer formed by polymerization, is a group bonded by crosslinking. For example, a conductive network comprising 
a polyacene-based conjugated system and having a very high conductivity is formed by forming a monomolecular film 
comprising aggregates of molecules having diacetylene groups and bringing about crosslinking through catalytic po- 
lymerization and energy beam irradiation. 

[0053] The crosslinking may be brought about by at least one of catalytic action, electrolytic action, or energy beam 
irradiation. 

[0054] Supposing the polymer formed by polymerization has a plurality of bonding groups with different crosslinking 
characteristics, this construction makes it possible to bring about crosslinking a plurality of times In the forming of a 
conductive network. Crosslinking reactions may be brought about by catalytic action, electrolytic action, or energy 
beam irradiation. Possibilities include, not only a combination of crosslinkings brought about by differing means, but a 
combination of crosslinkings brought about by the same means but under differing reaction conditions. For example, 
crosslinking by catalytic action is followed by crosslinking by a first type of energy beam irradiation, and this is in turn 
followed by crosslinking by a second type of energy beam irradiation and the like to form a conductive network. 
[0055] The light-responsive group may be a photoisomerizable group. 

[0056] This construction makes It possible to produce a two-temninal organic electronic device such that the con- 
ductivity of the conductive network is shifted to a first conductivity or a second conductivity by irradiation of the con- 
ductive organic thin film with a first light or a second light, respectively, and is maintained at the first conductivity or the 
second conductivity, respectively, after irradiation is temninated, the first light and the second light having different 
wavelengths. This organic electronic device may be used as a variable resistor, a switching device, a light sensor, a 
memory device, or the like. An azo group is suitable for the photoisomerizable group. 

[0057] The polymerizable group may be selected from the group consisting of a catalytically polymerizable group, 
an electrolyticatly polymerizable group, and a polymerizable group that is polymerized through energy beam irradiation. 
The catalytically polymerizable group may be selected from the group consisting of a pyrrolyl group, a thienyl group, 
an acetylene group, and a diacetylene group. The electrolyticalty polymerizable group may be a pyrrolyl group or a 
thienyl group. The polymerizable group that Is polymerized through energy beam irradiation may be an acetylene group 
or a diacetylene group. The energy beam may be a light beam such as infrared rays, visible rays, and ultraviolet rays, 
radiation such as X-rays, or a particle beam such as electron rays. Because a polymerizable group that is polymerized 
through energy beam irradiation has its own individual absorption characteristics, response efficiency is improved 
through selection of an energy beam of a certain type and energy that is efficiently absorbed. 
[0058] The method may be such that the polymerizable group Is an electrolytically polymerizable group, the step of 
forming a first electrode and a second electrode is carried out before the step of forming a conductive network, and 
the step of forming a conductive network comprises applying a voltage between the first electrode and the second 
electrode so that the electrolytically polymerizable group of each organic molecule of the organic molecular group 
undergoes an electrolytic-polymerization reaction to form a conductive network. 

[0059] This construction makes it possible to use the first and second electrodes in the step of forming a conductive 
network such that the conductive network between the electrodes arises automatically. Thus, the conductivity between 
the electrodes Is easily ensured, and a conductive network having a unlfomn conductivity is formed. 
[0060] The method may be such that the polymerizable group Is an electrolytically polymerizable group that Is a 
pyrrolyl group or a thienyl group, and the method further comprises, after the step of fonning the first electrode and 
the second electrode, a step of forming a coating film on the organic thin film and an additional conductive network in 
the coating film by immersing the substrate having the organic thin film fomned thereon in an organic solvent in which 
organic molecules each having a light-responsive group and a functional group that is a pyn'olyl group or a thienyl 
group are dissolved and applying voltages between the first electrode and the second electrode and between the first 
electrode or the second electrode and an external electrode, respectively, the external electrode being contacted with 
the organic solvent and disposed above the organic thin film. 

[0061 ] This construction makes it possible to fonn a coating film on the organicthin film having the conductive network 
and to fomn an additional conductive network in this coating film. Thus, the conductive organic thin film making up the 
two-terminal organic electronic device has a plurality of conductive networks (multilevel construction). Because the 
thickness of the coating film is dependent on the length of time a voltage is applied, the coating film is formed to a 
specified thickness by adjusting the length of time the voltage is applied. The conductivity of the conductive organic 
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thin film also is dependant on the length of time a voltage is applied and thus, by adjusting the length of time the voltage 
IS applied, a two-lenminal organic electronic device having a specified conductivity is produced. In cases in which the 
same type of organic molecules are used for the coating film as were used for the organic thin film already havina a 
conductive network formed therein, gaps that may exist In this organic thin film (which has a conductive network) are 
filled by organfc molecules when the coaling film is fomied. resulting in a denser organic thin film. Thus, good conduc- 
tivity IS ensured with even greater certainty. 

[0062] The method may be such that the polymerizable group is an electrolytically polymerizable group that is a 
pyrrolyl group or a thienyl group, the step of fomning a first electrode and a second electrode is carried out before the 
step of fornimg a conductive network, and the step of forming a conductive network includes forming a coating film on 
the organic thin film while fomr>ing the conductive network of the organic thin film and an additional conductive network 
in the coating film by immersing the substrate having the organic thin film formed thereon in an organic solvent in which 
organic molecules each having a light-responsive group and a functional group that is a pyrrolyl group or a thienvl 
group are dissolved and applying voltages between the first electrode and the second electrode and between the first 
electrode or the second electrode and an external electrode, respectively, the external electrode being contacted with 
the organic solvent and disposed above the organic thin film. 

[0063] This construction makes it possible to form conductive networks in the already formed organic thin film and 
in the coating film at the same time. Thus, the conductive organic thin film making up the two-terminal organic electronic 
device has a plurality of conductive networks (multilevel construction). By adjusting the thickness of the coating film 
a iwo-lerminal organic electronic device having a specified conductivity is produced. In cases in which ihe same Ivpe 
of organic molecules are used to fomn the coating film as were used to fomi the organic thin film, a conductive organic 
thin film having a more reliable and better conductivity is fonned. 

[0064] According to another aspect of the Invention, there is provided a method of producing a three-terminal organic 
electronic device fomied on an insulating substrate or an Insulating film-covered substrate that is a substrate havinq 
a first insulating film formed thereon, the method comprising the steps of fomiing a third electrode, forming an organic 
hin film comprising an organic molecular group comprising organic molecules each having a polar group and a do- 
lymenzable group that bonds by conjugated bonds so that the third electrode is covered either directly or with a second 
insulating film disposed therebetween, fonning a conductive network by bonding the organic molecules making up the 
organic thin film to one another by conjugated bonds, and fomiing a first electrode and a second electrode spaced 
from each other and from the third electrode so that the first electrode and the second electrode contact the conductive 
network. 

[0065] This construction makes it possible to produce a three-terminal organic electronic device wherein a channel 
region connecting the first electrode and the second electrode Is fomied with conductive organic material and the 
conductivity between the first and the second electrodes Is changed by applying a voltage between the first or the 
fnnl", .tf ^"'^ '''^ "'"'^ electrode. By including polar groups, response to the electric field is high speed 
[0066] When the substrate is an insulating substrate such as a glass substrate or a plastic substrate the third elec- 
trode can be formed directly on the substrate without using the first insulating film. When the third electrode is an 
insulating electrode such as a silicon electrode, the third electrode can cover the organic thin film directly without using 
the second insulating film. " 

[0067] The organic thin film may be a monomolecular film or a monomolecular built-up film, the monomolecular film 
and the monomolecular built-up film being fixed to the substrate 
[0068] This construction makes it possible to fomi a conductive network having a high conductivity. 

Chemisorption or the Langmuir-Blodgett technique may be utilized in the step of forming an organic thin film 
[0070] This construction makes it possible to easily form an organic thin film having an arbitraiy thickness 
[0071] It IS suitable to use a sllane-based chemisorbable substance in a step of tomiing an organic thin film in which 
Chemisorption is utilized. 

[0072] This construction makes It possible to efficiently form an organic thin flim. 

[0073] In the step ol forming a conductive network, the bonding of the organic molecules making up the organic thin 
film to one another by conjugated bonds to fomn a conductive network may be achieved by polymerization or polym- 
enzation followed by crosslinking. *^ ^ 

[0074] This construction makes it possible to fomn a conductive network in which the polymerizable group of each 
of the organic molecules is linked by conjugated bonds to enable electric conduction. The polymerizable groups mav 
be catalytically polymerizable groups, electrolytically polymerizable groups, or polymerizable groups that polymerize 
through energy beam Irradiation. In cases in which there is a plurality of polymerizable groups in each of the organic 
molecules making up the organic thin film, a conductive network having a structure different from a structure formed 
only by polymerization can be formed by subjecting the polymer formed by polymerization of one of the polymerizable 
groups of each organic molecule to a crosslinking reaction, whereby it fomis conjugated bonds with the other polym- 
enzable group of each of the organic molecules. In this case, the other polymerizable group, on a side chain of the 
polymer fomfied by polymerization. Is a group bonded by crosslinking. For example, a conductive network comprising 
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a polyacene- based conjugated system and having a very high conductivity is formed by forming a monomolecular film 
comprising aggregates of molecules having diacetylene groups and bringing about crosslinking through catalytic po- 
lymerization and energy beam irradiation. 

[0075] In the method described above, the crosslinking may be brought about by at least one of catalytic action, 

5 electrolytic action, or energy beam action. 

[0076] Supposing the polymer formed by polymerization has a plurality of bonding groups with different crosslinking 
characteristics, this construction makes it possible to bring about crosslinking a plurality of times in the forming of a 
conductive network. Crosslinking reactions may be brought about by catalytic action, electrolytic action, or energy 
beam Irradiation. Possibilities include, not only a combination of crosslinkings brought about by differing means, but a 

10 combination of crosslinkings brought about by the same means but under differing reaction conditions. For example, 
crosslinking by catalytic action is followed by crosslinking by a first type of energy beam irradiation, and this is in turn 
followed by crosslinking by a second type of energy beam irradiation and the like to form a conductive network. 
[0077] The polar group may be a polarizable group that is polarized when an electric field Is applied. 
[0078] This construction makes it possible to produce a three-terminal organic electronic device that has very hlgh- 

15 speed response because the polarizable group is highly sensitive to an electric field. A carbonyl group or an oxycarbonyl 
group is suitable tor the polarizable group. 

[0079] The polymerlzable group may be selected from the group consisting of a catalytlcally potymerlzable group, 
an electrolytlcally polymerlzable group, and a polymerizable group that is polymerized through energy beam irradiation. 
The calalytically polymerizable group may be selected from the group consisting of a pyrrolyl group, a thienyl group, 

20 an acetylene group, and a diacetylene group. The electrolytlcally polymerizable group may be a pyrrolyl group or a 
thienyl group. The polymerizable group that is polymerized through energy beam irradiation may be an acetylene group 
or a diacetylene group. The energy beam may be a light beam such as infrared rays, visible rays, and ultraviolet rays, 
radiation such as X-rays, or a particle beam such as electron rays. Because a polymerizable group that is polymerized 
through energy beam irradiation has its own individual absorption characteristics, response efficiency is improved 

25 through selection of an energy beam of a certain type and energy that is efficiently absorbed. 

[0080] The method may be such that the polymerizable group is an electrolytlcally polymerizable group, the step of 
forming a first electrode and a second electrode Is carried out before the step of forming a conductive network, and 
the step of forming a conductive network comprises applying a voltage between the first electrode and the second 
electrode so that the electrolytlcally polymerizable group of each organic molecule of the organic molecular group 

30 undergoes an electrolytic-polymerization reaction to form a conductive network. 

[0081] This construction makes it possible to use the first and second electrodes in the step of forming a conductive 
network such that the conductive network between the electrodes arises automatically. Thus, the conductivity between 
the electrodes is easily ensured, and a conductive network having a uniform conductivity is formed. 
[0082] The method may be such that the polymerizable group is an electrolytlcally polymerizable group that Is a 

35 pyrrolyl group or a thienyl group, and the method further comprises, after the step of fomning the first electrode and 
the second electrode, a step of fomning a coating film on the organic thin film and an additional conductive network in 
the coating film by immersing the substrate having the organic thin film fomned thereon in an organic solvent In which 
organic molecules each having a light-responsive group and a functional group that is a pyn-olyl group or a thienyl 
group are dissolved and applying voltages between the first electrode and the second electrode and between the first 

40 electrode or the second electrode and an external electrode, respectively, the external electrode being contacted with 
the organic solvent and disposed above the organic thin film. 

[0083] This construction makes It possible to fonn a coating film on the organic thin film having the conductive network 
and to fonn an additional conductive network in this coating film. Thus, the conductive organic thin film making up the 
three-terminal organic electronic device has a plurality of conductive networks (multilevel construction). Because the 

"fs thickness of the coating film is dependent on the length of time a voltage is applied, the coating film Is fonmed to a 
specified thickness by adjusting the length of time the voltage is applied. The conductivity of the conductive organic 
thin film also is dependant on the length of lime a voltage is applied and thus, by adjusting the length of time the vollage 
is applied, a three-terminal organic electronic device having a specified conductivity is produced. In cases in which the 
same type of organic molecules are used for the coating film as were used for the organic thin film already having a 

50 conductive network formed therein, gaps that may exist in this organic thin film (which has a conductive network) are 
filled by organic molecules when the coating film is formed, resulting in a denser organic thin film. Thus, good conduc- 
tivity is ensured with even greater certainty. 

[0084] The method may be such that the polymerizable group is an elect roiyticalty polymerizable group that is a 
pyrrolyl group or a thienyl group, the step of fomning a first electrode and a second electrode is carried out before the 
55 step of fomning a conductive network, and the step of forming a conductive network includes forming a coating film on 
the organic thin film while forming the conductive network of the organic thin film and an additional conductive network 
in the coating film by immersing the substrate having the organic thin film formed thereon in an organic solvent in which 
organic molecules each having a light-responsive group and a functional group that is a pynrolyl group or a thienyl 
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group are dissolved and applying voltages between the first electrode and the second electrode and between the first 
electrode or the second electrode and an external electrode, respectively, the external electrode being contacted with 
the organic solvent and disposed above the organic thin film. 

[0085] This construction makes it possible to form conductive networks in the already formed organic thin film and 
in the coating film at the same time. Thus, the conductive organic thin film making up the three-terminal organic elec- 
tronic device has a plurality of conductive networks (multilevel construction). By adjusting the thickness of the coating 
film, a three-terminal organic electronic device having a specified conductivity is produced. In cases in which the same 
type of organic molecules are used to form the coating film as were used to form the organic thin film, a conductive 
organic thin film having a more reliable and good conductivity is formed. 

[0086] According to another aspect of the invention, there is provided a method of operating a two-terminal organic 
electronic device comprising a first electrode, a second electrode spaced from the first electrode, and a conductive 
organic thin film electrically connecting the first electrode and the second electrode, the conductive organic thin film 
comprising an organic molecular group comprising organic molecules each having a light-responsive group and the 
conductive organic thin film having a conductive network in which the organic molecules making up the organic mo- 
lecular group are bonded to one another by conjugated bonds, the method comprising switching current flowing be- 
tween the first electrode and the second electrode by irradiating the conductive organic thin film with a light while a 
voltage is applied between the first electrode and the second electrode to change the conductivity of the conductive 
network. 

[0087] With this construction, the conductivity of the conductive network is changed by the effect of the response to 
the applied light being absorbed by the light-responsive group. Therefore, by applying light to the conductive organic 
thin film while a voltage Is applied between the first and second electrodes, switching of the current flowing between 
the first and second electrodes is achieved. Generally, absorption characteristics in terms of absorption spectrum vary 
according to the type of light-responsive group. By using light of a wavelength that is excellent In terms of absorption 
ratio, conductivity Is changed efficiently and at a high speed. 

[0088] The light-responsive group may be a photoisomerizable group, and the light a first light or a second light, 
respectively, the first light and the second light having differing wavelengths. 

[0089] This construction makes it possible to switch current flowing between the first and second electrodes by 
irradiating the conductive organic thin film with the first or the second light while a voltage is applied between the first 
and second electrodes. This is possible because the isomerization of molecules making up the conductive organic thin 
film with Irradiation by the first light or the second light causes the conductivity of the conductive network to shift to a 
first or second conductivity, and the conductivity is maintained at the first or second conductivity, respectively, after 
irradiation is terminated. Because the light-responsive group Is a photoisomerizable group, the conductivity of the 
conductive network Is changes at a very high speed. Because the progress of the Isomerization depends on the amount 
of light with which the conductive organic thin film is irradiated, the first or the second conductivity can be controlled 
by adjusting the intensity of the light, the irradiation time, and the like. Therefore, the range of change in conductivity 
for switching operation also can be adjusted by the intensity of the light, the irradiation time, and the like. However, 
because the device has a memory function wherein a stabilized state is maintained when one of the first light or the 
second light is applied and then Irradiation Is terminated, it Is necessary to irradiate the conductive organic thin film 
With the other of the first light or the second light to bring about a switching operation. An azo group Is suitable as the 
40 photoisomerizable group. 

[0090] The first light or the second light may be ultraviolet rays or visible rays, respectively. 
[0091] With this construction, It is suitable to apply ultraviolet rays and visible rays to various photoisomerizable 
groups because most photoisomerizable groups Isomerize between a first Isomer and a second isomer, respectively 
when irradiated with ultraviolet or visible rays. Generally, absorption characteristics in terms of absorption spectrum 
vary according to the type of light-responsive group. By using light of a wavelength that is excellent in terms of absorption 
ratio, conductivity is changed efficiently and at a high speed. 

[0092] The conductive organic thin film is a monomolecular film or a monomolecular built-up film, the monomolecular 
film and the monomolecular built-up film being fixed to the substrate. 

[0093] This construction makes it possible to form a thin film having good and uniform conduction because the organic 
molecules making up the conductive organic thin film are at large oriented and the conductive network exists in a plane 
In addition, an extremely thin film enables extremely high-speed switching. Furthermore, because the organic thin film 
IS fixed to the substrate by covalent bonds, it is excellent in temns of durability, including peel resistance and the like. 
Thus, extremely high-speed and stable switching operations are made possible. 

[0094] According to another aspect of the invention, there is provided a method of operating at three-terminal organic 
electronic device fon^ied on a substrate, the device comprising a first electrode, a second electrode spaced from the 
first electrode, a conductive organic thin film electrically connecting the first electrode and the second electrode, and 
a third electrode sandwiched between the substrate and the conductive organic thin film and insulated therefrom 
wherein the third electrode controls an electric field across the conductive organic thin film by application of a voltage 



20 



25 



30 



35 



45 



SO 



55 



9 



BNSDOCID: <EP. 



1179863A2 I > 



EP1 179 863 A2 



between itself and the first electrode or itself and the second electrode and the conductive organic thin film connprises 
an organic molecular group comprising organic molecules each having a polar group and has a conductive network 
in which the organic molecules making up the organic molecular group are bonded to one another by conjugated bonds, 
the method comprising switching current flowing between the first electrode and the second electrode by applying a 
voltage between the first electrode or the second electrode and the third electrode while a voltage is applied between 
the first electrode and the second electrode to change the conductivity of the conductive network. 
[0095] This construction makes it possible to bring about switching operations at a high>speed because the conduc- 
tive organic thin film has polar groups that are sensitive to an applied electric field. 
[0096] The polar group may be a polarizable group that is polarized when an electric field is applied. 
[0097] This construction makes it possible to bring about switching operations at an extremely high speed because 
of the extremely high sensitivity to an applied electric field. For the polarizable group, a carbonyl group or an oxycarbonyl 
group is suitable. 

[0098] The conductive organic thin film may be a monomolecular film or a monomolecular built-up film, the mono- 
molecular film and the monomolecular built-up film being fixed to the substrate. 

[0099] This construction makes it possible to form a thin film having good and uniform conduction because the organic 
molecules making up the conductive organic thin film are at large oriented and the conductive network exists in a plane. 
In addition, an extremely thin film enables extremely high-speed switching. Furthermore, because the organic thin film 
is fixed to the substrate by covalent bonds, it Is excellent in terms of durability, including peel resistance and the like. 
Thus, extremely high-speed and stable switching operations are made possible. 

[0100] According to another aspect of the invention, there is provided a liquid crystal display device comprising an 
array substrate having a plurality of switching devices aligned and disposed in a matrix on a first substrate and a first 
orientation film formed thereon, a color filter substrate having a plurality of color elements aligned and disposed in a 
matrix on a second substrate and a second orientation film formed thereon, and a liquid crystal sealed between the 
array substrate and the color filter substrate, the array substrate and the color filter substrate arranged opposing each 
other with the first orientation film and the second orientation film on the inside, the liquid crystal display device wherein 
each of the switching devices is a three-terminal organic electronic device comprising a first electrode, a second elec- 
trode spaced from the first electrode, a conductive organic thin film electrically connecting the first electrode and the 
second electrode, and a third electrode sandwiched between the first substrate and the conductive organic thin film 
and insulated therefrom, wherein the third electrode controls an electric field across the conductive organic thin film 
by application of a voltage between itself and the first electrode or Itself and the second electrode, the conductive 
organic thin film comprising an organic molecular group comprising organic molecules each having a polar group and 
the conductive organic thin film having a conductive network in which the organic molecules making up the organic 
molecular group are bonded to one another by conjugated bonds. 

[0101] This construction makes it possible to provide a liquid crystal display device that uses an organic TFT rather 
than the existing inorganic thin film transistor (hereinafter referred to as TFT). In using an organic TFT, because a step 
of treating the substrate at a high temperature is not necessary, the range of choice of substrates increases. In particular, 
substrates such as plastic substrates that could not be used in the past can be used. Thus, reduction in size and weight 
is made possible by the appropriate choice of substrate. 

[0102] There also is provided an EL display device comprising an array substrate having a plurality of switching 
devices aligned and disposed in a matrix on a substrate, a common electrode opposed to the array substrate, and a 
light-emitting layer comprising a fluorescent material which emits light when an electric field is applied, the light-emitting 
layer fomned between the array substrate and the common electrode, the electroluminescent display device wherein 
each of the switching devices is a three-terminal organic electronic device comprising a first electrode, a second elec- 
trode spaced from the first electrode, a conductive organic thin film electrically connecting the first electrode and the 
second electrode, and a third electrode sandwiched between the substrate and the conductive organic thin film and 
insulated therefrom, wherein the third electrode controls an electric field across the conductive organic thin film by 
application of a voltage between Itself and the first electrode or itself and the second electrode, the conductive organic 
thin film comprising an organic molecular group comprising organic molecules each having a polar group and the 
conductive organic thin film having a conductive network in which the organic molecules making up the organic mo- 
lecular group are bpnded to one another by conjugated bonds. 

[0103] This construction makes it possible to provide an EL display device that uses an organic TFT rather than the 
existing inorganic thin film transistor (hereinafter referred to as TFT). In using an organic TFT, because a step of treating 
the substrate at a high temperature Is not necessary, the range of choice of substrates increases. In particular, sub- 
strates such as plastic substrates that could not be used in the past can be used. Thus, reduction in size and weight 
is made possible by the appropriate choice of substrate. 

[0104] In the EL display device described above, the fluorescent material may comprise three types of fluorescent 
materials, those which emit red, blue and green light, respectively, and are aligned and disposed to achieve color 
display. Thus, an EL color display device using an organic TFT is provided. 
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[0105] In the display devices described above, the monomolecular film or the monomolecular built-up film may be 
such that organic molecules are fixed to the substrate. Thus, an EL display device, an EL color display device and a 
hquid crystal display device are provided, the devices having extremely high-speed displays and good operation sta- 
oilities. 

[0106] According to another aspect of the invention, there is provided a method of producing a liquid crystal display 
device compnsing the steps of forming an array substrate by forming a plurality of sw^itching devices on a first substrate 
such that they are arranged in a matrix, and forming a first orientation film thereon, forming a color filter substrate by 
forming color elements on a second substrate such that they are arranged in a matrix formation and forming a second 
onentation film thereon, and arranging the array substrate and the color filter substrate such that they face each other 
at a specified gap. the first orientation film and the second orientation film being on the inside, filling the space between 
the array substrate and the color filter substrate with a liquid crystal, and sealing the liquid crystal, the method wherein 
each of the switching devices is a three-terminal organic electronic device comprising a first electrode, a second elec- 
trode spaced from the first electrode, a conductive organic thin film electrically connecting the first electrode and the 
second electrode, and a third electrode sandwiched between the first substrate and the conductive organic thin film 
and insulated therefrom, wherein the third electrode controls an electric field across the conductive organic thin film 
by application of a voltage between itself and the first electrode or-itsell and the second electrode, the conductive 
organic thin film comprising an organic molecular group comprising organic molecules each having a polar group and 
the conductive organic thin film having a conductive network In which the organic molecules making up the organic 
molecular group are bonded to one another by conjugated bonds. 
so [0107] This construction makes is possible to provide a method of producing a liquid crystal display device that uses 
an organic TFT rather than the existing inorganic thin film transistor (hereinafter referred to as TFT). In using an organk: 
TFT a step of treating the substrate at a high temperature is not necessary. Thus it is possible to use plastic substrates 
and the like that were not used in the past. 

[0108] There also is provided a method of producing an EL display device comprising the steps of fomiing an array 
substrate by forming a plurality of switching devices on a substrate such that they are arranged in a matrix, fomiing a 
light-emitting layer on the array substrate, the light-emitting layer comprising a fluorescent material whfch emits light 
when a voltage is applied, and forming a common electrode by fomiing a common electrode film on the light-emittinq 
layer, the method wherein each of the switching devices is a three-tenminal organk: electronic device comprising a first 
electrode, a second electrode spaced from the first electrode, a conductive organic thin film electrfcally connecting the 
first electrode and the second electrode, and a third electrode sandwiched between the substrate and the conductive 
organic thin film and insulated therefrom, wherein the third electrode controls an electric field across the conductive 
organic thin film by application of a voltage between itself and the first electrode or itself and the second electrode the 
conductive organic thin film comprising an organic molecular group comprising organic molecules each having a polar 
group and the conductive organic thin film having a conductive network in which the organk: molecules making up the 
organic molecular group are bonded to one another by conjugated bonds. 
[0109] This construction makes is possible to provide a method of producing an EL display device that uses an 
organic TFT rather than the existing inorganic thin film transistor (hereinafter referred to as TFT). In using an organic 
TFT a step of treating the substrate at a high temperature is not necessary. Thus it is possible to use plastic substrates 
and the like that were not used in the past. 
"0 [01 10] In the method of producing an EL display device described above the fluorescent material may comprise 
three types of fluorescent materials, those which emit red. blue and green light, respectively, andare formed at specified 
positions to achieve color display in the step of forming a light-emitting layer. Thus, an EL color display devfce using 
an organic TFT is provided. 

[0111] In addition, in the production methods of the display devices described above, the monomolecular film or the 
monomolecular built-up film may be such that organic molecules are fixed to the substrate. Thus, an EL display device 
an EL color display device, and a liquid crystal display device are provided, the devices having extremely high-speed 
displays and good operation stabilities. 

[0112] The constructions described above make it possible to provide an organic device capable of high-speed 
response, but in order to provide a method of producing these kinds of organic electronic devices with high precision 
the present inventors continued intense research. They focused on providing a film that is a functional organic thin film 
fixed by covalent bonds. Before the fomiation of the film, the inventors thought of dividing a surface of a substrate by 
making a film-formation region intended for the formation of the film into a region with a higher density of exposed 
active hydrogens and making a region not intended for the formation of the film into a region with a lower density of 
exposed active hydrogens. In other words, they thought that by providing clear boundaries on the substrate itself in 
the formation of a film fixed to the substrate by covalent bonds, a functional organic thin film could be formed with 
higher precision than if a mask such as a resist only were used. Thus, the present inventore discovered that by carrying 
out a step of preliminarily treating a substrate by performing an active hydrogen exposure treatment on a specified 
portion of the surface of the substrate or an active hydrogen removing treatment on a portion other than the specified 



25 



30 



35 



45 



SO 



11 



SNSIXCID: <EP. 



,1179883A2_I.> 



EP1 179 863 A2 



portion to make the specified portion (region intended for film formation) into a region having a high density of exposed 
active hydrogens, a high precision functional organic thin film could be formed even to the micron pattern level. Thus, 
the present invention was achieved. In addition, it was discovered that the provision of an organic electronic device 
that answers recent demands for high integration and high-performance display devices Is made possible by applying 
5 this film-fonming technique to a method of producing an organic electronic device. 

[01 1 3] According to another aspect of the invention, there is provided a first method of producing a functional organic 
thin film fixed to a specified portion of a surface of a substrate by covalent bonds, the method comprising the steps of 
preliminarily treating the substrate by performing an active hydrogen exposure treatment on the specified portion of 
the surface of the substrate to make the specified portion into a region having a higher density of exposed active 

10 hydrogens than a portion other than the specified portion, and forming the functional organic thin film fixed to the 
specified portion of the surface of the substrate by covalent bonds by contacting the region having a higher density of 
exposed active hydrogens with organic molecules each having a functional group that reacts with active hydrogens 
and a functional bonding chain to react the organic molecules and active hydrogens In the region. 
[01 1 4] By dividing a surface of a substrate into two types of regions that serve as guidelines for the density of exposed 

15 active hydrogens on a surface of a substrate before film formation, this construction makes it possible to form a func- 
tional organic thin film that, with the reaction of active hydrogens and functional groups that react with active hydrogens, 
Is fixed to the surface of a substrate by covalent bonds such that the film corresponds with the divisions made pnor to 
film formation. Thus, even to the micron pattern level, a functional organic thin film with high dimensional precision can 
be formed. In addition, a funclional organic thin film formed in this manner is excellent in terms of peel resistance and 

20 thus exhibits its prescribed functions over extended periods. 

[01 1 5] It is to be noted that the phrase "specified portion of the surface of the substrate" denotes an arbitrarily selected 
portion of the surface of the substrate and is the portion of the surface of the substrate on which a functional organic 
thin film is to be fomned. The phrase "density of exposed active hydrogens" denotes the number of exposed active 
hydrogens per unit area. The phrase "functional organic thin film" denotes a film made up of organic molecules having 

25 particular functions. Examples of particular functions include functions of having a conductivity, magnetism, dielectricity, 
or permittivity that change, a function of controlling the orientation of liquid crystal molecules, an anti-contamination 
property such as water repellency or oil repellency, and the like. The phrase "functional group" denotes groups that 
supply a film with a function, for example, a light-responsive group such as a photoisomerizable group, an electric field- 
responsive group such as a polar group, a polymeri7able group that bonds by conjugated bonds, and the like. 

30 [01 1 6] In this method, it is preferable that the substrate be such that active hydrogens are not exposed on a surface. 
If this kind of substrate is used, the portion other than the specified portion becomes a region in which active hydrogens 
are not exposed, and as a result, highly precise fomnation of a functional organic thin film is ensured. It is to be noted 
that the phrase "the substrate be such that active hydrogens are not exposed on a surface" includes, in addition to 
cases where the substrate is such that active hydrogens are not at all exposed, cases where the substrate is such that 

35 active hydrogens are substantially not exposed as in cases where there are not enough exposed active hydrogens to 
allow the film to be sufficiently fixed to the substrate by covalent bonds. 

[01 1 7] It is preferable that the specified portion have an area of 1 000 \im^ or less. In fonnlng such a film to the micron 
pattern level by carrying out film fonming using only a mask as has been done in the past, there Is a risk that defects 
in the mask will adversely affect the precision of the film. If a preliminary treatment Is carried out as In the present 
40 invention, precision is not affected by defects in the mask, and thus the improvements achieved by this invention are 
great. 

[0118] It is preferable that the functional bonding chain comprise at least one functional group selected from the 
group consisting of a light-responsive group, an electric field-responsive group, and a polymerizable group that bonds 
by conjugated bonds. In addition, it is preferable that the functional organic thin film be a monomolecular film or a 
45 monomolecular built-up film, the monomolecular film and the monomolecular built-up film being fixed to the substrate. 
With a film such as this, because the molecules are oriented to some degree, a functional organic thin film that exhibits 
unifomn functions results. 

[01 1 9] It is preferable that the substrate be a water- repellent single layer substrate or a layered substrate wherein a 
water-repellent coating film is fomned on a surface of a substrate material. It is preferable that the water-repellent single 
50 layer substrate comprise a synthetic resin that is water repellent. It is preferable that the synthetic resin be an acrylic 
resin, a polycarbonate resin, or a polyethersulfone resin. It is preferable that the water-repellent coating film comprise 
an acrylic resin, a polycarbonate resin, or a polyethersulfone resin. 

[0120] The step of preliminarily treating the substrate may be such that the active hydrogen exposure treatment is 
carried out by oxidizing the specified portion of the surface of the substrate and supplying active hydrogens to the 
55 specified portion. From the standpoint of productivity and the like, it is preferable that the oxidizing of the specified 
portion be carried out in an atmosphere containing oxygen atoms and hydrogen atoms by at least one of excimer UV 
light irradiation, ultraviolet irradiation, plasma treatment, and corona treatment. Alternatively, the substrate may com- 
prise a layered substrate wherein a water-repellent organic film is formed on a surface of a substrate material having 
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active hydrogens exposed thereon, and the step of preliminarily treating the substrate may be such that the active 
hydrogen exposure treatment is carried out by oxidizing the specified portion of the surface of the substrate to remove 
the water-repellent organic film from the specified portion, whereby active hydrogens are exposed. In this case also, 
from the standpoint of productivity and the like, it is preferable that the oxidizing of the specified portion be carried out 
under an atmosphere containing oxygen by at least one of excimer UV light Irradiation, ultraviolet irradiation, plasma 
treatment, and corona treatment. 

[0121] It is preferable that a masi< be formed on the portion other than the specified portion of the surface of the 
substrate before the active hydrogen exposure treatment is perfonned on the substrate. The step of fonning the func- 
tional organic thin film may then be carried out after the mask has been removed or before the mask has been removed. 
[0122] From the standpoint of production efficiency, it is preferable that the functional groUp that reacts with active 
hydrogens be selected from the group consisting of a halosilyl group, an isocyanate group, and an alkoxysilyl group, 
and the step of forming a functional organic thin film be such that the contacting of the region having a higher density 
of exposed active hydrogens with the organic molecules is carried out using a chemlsorption solution wherein the 
organic molecules and a nonaqueous organic solvent are mixed together. For obtaining a clean film. It is preferable 
that there be a step of washing the surface the substrate with a nonaqueous organic solvent after the steps of prelim- 
inarily treating the substrate and fonning the functional organic thin film. 

[0123] According to another aspect of the invention, there is provided a second method of producing a functional 
organic thin film fixed to a specified portion of a surface of a substrate by covalent bonds, comprising the steps of 
preliminarily treating the substrate by perfonnlng an active hydrogen removing treatment on a portion other than the 
specified portion of the surface of the substrate to make the specified portion into a region having a higher density of 
exposed active hydrogens than the portion other than the specified portion and fonning the functional organic thin film 
fixed to the specified portion of the surface of the substrate by covalent bonds by contacting the region having a higher 
density of exposed active hydrogens with organic molecules each having a functional group that reacts with active 
hydrogens and a functional bonding chain to react the organic molecules and active hydrogens in the region. 
[01 24] This construction makes it possible to make the specified portion into a region having a high density of exposed 
active hydrogens and to thus form a functional organic thin film having high dimensional precision by performing an 
active hydrogen removing treatment on a portion other than the specified portion. 

[0125] In this method. It is preferable that the substrate be such that active hydrogens are exposed on the surface. 
Even with such a substrate, the method described above makes it possible to use exposed active hydrogens originally 
present on the substrate and to form a high-precision functional organic thin film. It is to be noted that the phrase "the 
substrate be such that active hydrogens are exposed on the surface" denotes that the substrate be such that enough 
active hydrogens are exposed to sufficiently fix the film to the substrate by covalent bonds. 

[01 26] It is preferable that the specified portion have an area of 1 000 iim^ or less. It is preferable that the functional 
bonding chain comprise at least one functional group selected from the group consisting of a light-responsive group, 
an electric field-responsive group, and a polymerizable group that bonds by conjugated bonds. It is preferable that the 
functional organic thin film be a monomolecular film or a monomolecular built-up film, the monomolecular film and the 
monomolecular built-up film being fixed to the substrate. 

[0127] It is preferable that the substrate be a hydrophillc single layer substrate or a layered substrate wherein a 
hydrophillc coating film is formed on a surface of a substrate material. It is preferable that the hydrophilic single layer 
substrate comprise a metal having an oxidized surface, silicon, silicon nitride, silica, or glass. It is preferable that the 
hydrophilic coating film comprise a metal oxide, silicon, silicon nitride, silica, or glass. 

[0128] The step of preliminarily treating the substrate may be such that the active hydrogen removing treatment is 
a chemical treatment pertormed to remove active hydrogens from the portion of the surface of the substrate other than 
the specified portion. In order that the treated portion be difficult to detach so that later steps are easily carried out, it 
Is preferable that the chemical treatment be such that the portion other than the specified portion of the surface of the 
substrate is contacted with organic molecules each having a functional group that reacts with active hydrogens to 
induce a reaction between the organic molecules and the active hydrogens of the portion other than the specified 
portion of the substrate. Alternatively, the step of preliminarily treating the substrate may be such that the active hy- 
drogen removing treatment is a physical treatment performed to remove active hydrogens from the portions of the 
surface of the substrate other than the specified portion . It is preferable that the physical treatment be such that covalent 
bonds between the substrate and the active hydrogens are broken by Irradiating the portion other than the specified 
portion of the surface of the substrate with light In a vacuum. 

[01 29] It is preferable that a mask be formed on the specified portion of the surface of the substrate before the active 
hydrogen removing treatment is perfomied and is removed before the step of forming the functional organic thin film. 
It is preferable that the functional group that reacts with active hydrogens be selected from the group consisting of a 
halosilyl group, an isocyanate group, and an alkoxysilyl group, and the step of forming the functional organic thin film 
be such that the contacting of the region having a higher density of exposed active hydrogens with the organic molecules 
is carried out using a chemlsorption solution wherein the organic molecules and a nonaqueous organic solvent are 
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mixed together, it is preferable that there be a step of washing the surface of the substrate with a nonaqueous organic 
solvent after the steps of prelinnlnarily treating the substrate and fornning the functional organic thin film 
[0130] According to another aspect of the Invention, there is provided a first method of producing a two-terminal 
organic electronic device formed on a substrate, the device comprising a first electrode, a second electrode spaced 
from the first electrode, and a conductive organic thin film electrically connecting the first electrode and the second 
electrode, the conductive organic thin film comprising an organic molecular group comprising organic molecules each 
having a light-responsive group and the conductive organic thin film having a conductive network in which the organic 
molecules making up the organic molecular group are bonded to one another by conjugated bonds, the method com* 
prising the steps of preliminarily treating the substrate by performing an active hydrogen exposure treatment on a 
specified portion of a surface of the substrate to make the specified portion into a region having a higher density of 
exposed active hydrogens than a portion other than the specified portion, forming a film by contacting the region having 
a higher density of exposed active hydrogens with organic molecules each having a functional group that reacts with 
active hydrogens, a light-responsive group, and a polymerizable group that bonds by conjugated bonds and inducing 
the organic molecules and active hydrogens in the region to react such that an organic molecular group comprising 
the organic molecules is fixed to the specified portion of the surface of the substrate by covalent bonds, forming the 
conductive network by bonding the organic molecules making up the organic molecular group to one another by con- 
jugated bonds, and forming the first electrode and the second electrode on the substrate. 

[0131] The method described above corresponds to the first method of producing a functional organic thin film. 
Because the surface of the subslrale is divided into two regions that serve as guidelines for the density of exposed 
active hydrogens on a surface of a substrate before film formation, this construction makes it possible to precisely form 
a conductive organs thin film that is fixed to the substrate by covalent bonds as a result of the reaction with active 
hydrogens. In addition, because a two-temriinal organic electronic device obtained In this way contains photoisomer- 
izable groups in the conductive organic thin film, sensitivity to light increases and a higher response speed results, 
making it is possible to change the conductivity of the conductive organic thin film at a high speed. Thus, the technology 
to fonn a highly integrated two*terminal organic electronic device capable of high-speed response is provided. 
[0132] It is thought that the change in the conductivity of the conductive organic thin film occurs because the effect 
of the response of the light- responsive groups to light irradiation is spread by the structure of the conductive network. 
[0133] While it is assumed that a two-terminal organic electronic device obtained in the manner described above 
mostly will be used as a switching device, the uses are not limited to this. Because the above device is such that the 
conductivity of the conductive network changes with irradiation by light of differing wavelengths and is maintained at 
a certain conductivity even after Irradiation is terminated, it has memory function. Therefore, it can be used as a memory 
device, a variable resistor, a light sensor, or the like. 

[0134] In the method described above, it is preferable that the substrate be such that active hydrogens are not 
exposed on the surface. The active hydrogen exposure treatment may be such that the specified portion of the surface 
of the substrate is oxidized and supplied with active hydrogens. Alternatively, the substrate may be a layered substrate 
wherein a water-repellent organic film is formed on a surface of a substrate material having active hydrogens exposed 
thereon, and the active hydrogen exposure treatment such that the specified portion of the surface of the layered 
substrate is oxidized to remove the water-repellent organic film, whereby active hydrogens are exposed. 
[01 35] It Is preferable that the conductive organic thin film be a monomolecular film or a monomolecular built-up film, 
the monomolecular film and the monomolecular built-up film being fixed to the substrate. In such a film, because the 
molecules are oriented to some degree and the polymerizable group of each molecule is located at approximately the 
same position with respect to the surface of the substrate such that the polymerizable groups are lined in a row, the 
polymerizable groups form conjugated bonds with one another that are approximately parallel to the surface of the 
substrate when polymerization reactions occur between adjacent polymerizable groups. As a result, a conductive net- 
work having a high conductivity is formed. 

[01 36] It Is preferable that chemlsorptlon or the Langmulr-Blodgett technique be utilized In the step of forming a film. 
By using these methods, a monomolecular film or a monomolecular built-up film of an arbitrary thickness is simply 
produced. 

[01 37] It is suitable to use a silane-based chemisorbable substance in the step of forming a film in which chemlsorption 
is utilized. By using this substance, a device is efficiently produced in a short time. 

[0138] It Is preferable that the light-responsive group be a photoisomerizable group. For example, in cases In which 
the photoisomerizable group is an azo group, the azo group changes from a first isomer having a trans configuration 
with irradiation by visible rays and to a second Isomer having a cis transfiguration with irradiation by ultraviolet rays. 
Thus, a film whose conductivity easily changes is formed. 

[0139] It is preferable that the polymerizable group be selected from the group consisting of a catalytically polymer- 
izable group, an electrolytically polymerizable group, and a polymerizable group that is polymerized through energy 
beam irradiation. With these functional groups, polymerization by catalytic polymerization, electrolytic polymerization, 
or polymerization caused by energy beam radiation can be employed to simply form a conductive organic thin film. It 
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IS suitable that the catalytically polymeri7able group be selected from the group consisting of a pyrrolyl group a thienyl 
group, an acetylene group, and a diacetylene group. It is suitable that the electrolytically polymerizabie group be a 
pyrrolyl group or a thienyl group, it is suitable that the polymerizabie group that is polymerized through energy beam 
irradiation be an acetylene group or a diacetylene group. 

[0140] It is preferable that the polymerizabie group be an electrolytically polymerizabie group, the step of forming a 
first electrode and a second electrode be carried out before the step of forming a conductive network, and the step of 
forming a conductive network be such that each electrolytically polymerizabie group are subjected to an electrolytic- 
polymerization reaction to form the conductive network. With a construction such as this, the first electrode and the 
second electrode can be used to form the conductive network so that in applying a voltage between both electrodes 
to bring about polymerization, the conductive network arises automatically. 

[0141] The method may be such that the polymerizabie group is an electrolytically polymerizabie group that is a 
pyrrolyl group or a thienyl group and the method further comprises, after the step of forming the first electrode and the 
second electrode, a step of forming a coating film on the organic thin film and an additional conductive network in the 
coating film by immersing the substrate having the organic thin film fonned thereon in an organic solvent in which 
organic molecules each having a light-responsive group and a functional group that is a pyn-olyl group or a thienyl 
group are dissolved and applying voltages between the first electrode and the second electrode and between the first 
electrode or the second electrode and an external electrode, respectively, the exlemal electrode being contacted with 
the organic solvent and disposed above the organic thin film. Because a multilevel conductive network is formed this 
construction makes it possible to provide a two-terminal organic electronic device thai allows for an even larger current. 
[01 42] Alternatively, the method of producing a two-terminal organic electronic device may be such that the polym- 
enzable group is an electrolytically polymerizabie group that is a pyrrolyl group or a thienyl group, the step of forming 
the first electrode and the second electrode is carried out before the step of forming the conductive network, and the 
step of forming the conductive network includes forming a coating film on the organic thin film while fonning'the con- 
ductive network of the organic thin film and an additional conductive network in the coating film by immersing the 
substrate having the organic thin film fomned thereon in an organic solvent in which organic molecules each having a 
light-responsive group and a functional group that is a pyrrolyl group or a thienyl group are dissolved and applying 
voltages between the first electrode and the second electrode and between the first electrode or the second electrode 
and an external electrode, respectively, the external electrode being contacted with the organic solvent and disposed 
above the organic thin film. In cases in which the conductive organic thin film is a monomolecular built-up film this 
construction makes it possible to produce, in a short time, a two-terminal organic electronic device that allows for an 
even larger current because the polymerization reactions are brought about in a shorter length of time In the forminq 
of the conductive network. 

[0143] There is also provided a first method of producing a three-terminal organic electronic device formed on a 
substrate, the device comprising a first electrode, a second electrode spaced from the first electrode a conductive 
organic thin film electrically connecting the first electrode and the second electrode, and a third electrode sandwiched 
between the substrate and the conductive organic thin film and insulated therefrom wherein the third electrode controls 
an electric field across the conductive organic thin film by application of a voltage between itself and the first electrode 
or Itself and the second electrode, and the conductive organic thin film comprises an organic molecular group com- 
prising organic molecules each having a polar group and has a conductive network in which the organic molecules 
making up the organic molecular group are bonded to one another by conjugated bonds, the method comprising the 
steps of forming the third electrode on a surface of the substrate, preliminarily treating the substrate by performing an 
active hydrogen exposure treatment on a specified portion of the surface of the substrate to make the specified portion 
into a region having a higher density of exposed active hydrogens than a portion other than the specified portion 
forming a film by contacting the region having a higher density of exposed active hydrogens with organic molecules - 
each having a functional group that reacts with active hydrogens, a polar group, and a polymerizabie group that bonds 
by conjugated bonds and inducing the organic molecules and active hydrogens in the region to react such that an 
organic molecular group comprising the organic molecules are fixed to the specified portion of the surface of the sub- 
strate by covalent bonds, forming the conductive networi< by bonding the organic molecules making up the organic 
molecular group to one another by conjugated bonds, and fomiing the first electrode and the second electrode on the 
50 substrate. 

[0144] The method described above corresponds to the first method of forming afunctional organic thin film. In this 
method, a high precision conductive organic thin film is formed even if electrodes are formed on the surface of the 
substrate. Because a three-temriinal organic electronic device obtained in this way contains polar groups in the con- 
ductive organic thin film, sensitivity to light increases and a higher response speed results, making it is possible to ' 
change the conductivity of the conductive organic thin film at a high speed. Thus, the technology to form a highly 
integrated three-temiinal organic electronic device capable of high-speed response is provided. 
[0145] It is thought that the change in the conductivity of the conductive organic thin film occurs because the effect 
of the response of the polar groups to an electric field is spread by the structure of the conductive network While it is 
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assumed that a three-terminal organic electronic device obtained In the manner described above mostly will be used 
as a switching device, the uses are not limited to this. 

[0146] In the method described above, It Is preferable that the substrate be such that active hydrogens are not 

exposed on the surface. The active hydrogen exposure treatment may be such that the specified portion of the surface 
of the substrate is oxidized and supplied with active hydrogens. Alternatively the substrate may be a layered substrate 
wherein a water-repellent organic film is formed on a surface of a substrate material having active hydrogens exposed 
thereon, and the active hydrogen exposure treatment such that the specified portion of the surface of the layered 
substrate is oxidized to remove the water-repellent organic film, whereby active hydrogens are exposed. 
[0147] It is preferable that the conductive organic thin film be a monomolecularfilm or a monomolecular built-up film, 
the monomolecular film and the monomolecular built-up film being fixed to the substrate. In such a film, because the 
molecules are oriented to some degree and the polymerizable group of each molecule is located at approximately the 
same position with respect to the surface of the substrate such that the polymerizable groups are lined In a row, the 
polymerizable groups form conjugated bonds with one another that are approximately parallel to the surface of the 
substrate when polymerization reactions occur between adjacent polymerizable groups. As a result, a conductive net- 
work having a high conductivity is formed. 

[01 48] It is preferable that chemisorption or the Langmuir-Blodgett technique be utilized in the step of forming a film. 
By using these methods, a monomolecular film or a monomolecular built-up film of an arbitrary thickness Is simply 
produced. 

[01 49] It is suitable lo use a silane-based chemisorbable substance in a step of forming a film in which chemisorption 
is utilized. By using this substance, a device is efficiently produced in a short time. 

[0150] It is preferable that the polar group be a polarizable group that is polarized when an electric field is applied. 
For example, when the polarizable group is a carbony! group or an oxycarbonyl group, sensitivity to an applied electric 
field is very high such that polarization increases with application of an electric field. Thus, a switching device having 
a very high-speed response is obtained. 

[01 51] It is preferable that the polymerizable group be selected from the group consisting of a catalytically polymer- 
izable group, an electrolytically polymerizable group, and a polymerizable group that is polymerized through energy 
beam irradiation. With these functional groups, polymerization by catalytic polymerization, electrolytic polymerization, 
or polymerization caused by energy beam radiation can be employed to simply form a conductive organic thin film. It 
is suitable that the catalytically polymerizable group be selected from the group consisting of a pyrrolyl group, a thienyl 
group, an acetylene group, and a diacetylene group. It is suitable that the electrolytically polymerizable group be a 
pyrrolyl group or a thienyl group. It is suitable that the polymerizable group that is polymerized through energy beam 
irradiation be an acetylene group or a diacetylene group. 

[0152] It is preferable that the polymerizable group be an electrolytically polymerizable group, the step of forming 
the first electrode and the second electrode be carried out before the step of forming the conductive network, and the 
step of forming the conductive networi< be such that each electrolytically polymerizable group is subjected to an elec- 
trolytic-polymerization reaction to form the conductive network. With a construction such as this, the first electrode and 
the second electrode can be used to form the conductive networic so that in applying a voltage between both electrodes 
to bring about polymerization, the conductive network arises automatically. 

[0153] The method may be such that the polymerizable group is an electrolytically polymerizable group that is a 
pyrrolyl group or a thienyl group and the method further comprises, after the step of forming the first electrode and the 
second electrode, a step of forming a coating film on the organic thin film and an additional conductive network in the 
coating film by immersing the substrate having the organic thin film formed thereon in an organic solvent in which 
organic molecules each having a light-responsive group and a functional group that is a pyn-olyl group or a thienyl 
group are dissolved and applying voltages between the first electrode and the second electrode and between the first 
electrode or the second electrode and an external electrode, respectively, the external electrode being contacted with 
the organic solvent and disposed above the organic thin film. Because a multilevel conductive network is formed, this 
construction makes it possible to provide a two-terminal organic electronic device that allows for an even larger current. 
[0154] Alternatively, the method may be such that the polymerizable group is an electrolytically polymerizable group 
that is a pyrrolyl group or a thienyl group, the step of forming the first electrode and the second electrode is carried out 
before the step of forming the conductive network, and the step of forming the conductive networi< includes forming a 
coating film on the organic thin film while forming the conductive network of the. organic thin film and an additional 
conductive network in the coating film by immersing the substrate having the organic thin film formed thereon in an 
organic solvent in which organic molecules each having a light-responsive group and afunctional group that is a pyrrolyl 
group or a thienyl group are dissolved and applying voltages between the first electrode and the second electrode and 
between the first electrode or the second electrode and an external electrode, respectively, the external electrode being 
contacted with the organic solvent and disposed above the organic thin film. This construction makes it possible to 
produce, in a short time, a two-terminal organic electronic device that allows for an even larger current because the 
polymerization reactions are brought about in a shorter length of time in the forming of the conductive network. 
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[0155] There is also provided a second method of producing a two-terminal organic electronic device formed on a 
substrate, the device comprising a first electrode, a second electrode spaced from the first electrode, and a conductive 
organic thin film electrically connecting the first electrode and the second electrode, the conductive organic thin film 
comprising an organic molecular group comprising organic molecules each having a light-responsive group and the 
conductive organic thin film having a conductive network in which the organic molecules making up the organic mo- 
lecular group are bonded to one another by conjugated bonds, the method of producing a two-terminal organic elec- 
tronic device comprising the steps of preliminarily treating the substrate by performing an active hydrogen removing 
treatment on a portion other than a specified portion of a surface of the substrate to make the specified portion into a 
region having a higher density of exposed active hydrogens than the portion other than the specified portion, forming 
afilm by contacting the region having a higher density of exposed active hydrogens with organic molecules each having 
a functional group that reacts with active hydrogens, a photoisomerizable group, and a polymerizable group that bonds 
by conjugated bonds and inducing the organic molecules and active hydrogens in the region to react such that an 
organic molecular group comprising organic molecules is fixed to the specified portion of the surface of the substrate 
by covalent bonds, forming the conductive network by bonding the organic molecules making up the organic molecular 
group to one another by conjugated bonds, and lorming the first electrode and the second electrode on the substrate. 
[01 56] The method described above corresponds to the second method of producing a functional organic thin film. 
Because the surface of the substrate is divided into two regions that serve as guidelines for the density of exposed 
active hydrogens on a surface of a substrate before film fonnation, this construction makes It possible to precisely form 
a conductive organic thin film that is fixed to the substrate by covalent bonds as a result of the reaction with active 
hydrogens. Thus, the technology to form a highly integrated two-tenninal organic electronic device capable of high- 
speed response is provided. 

[01 57] While it is assumed that a three-terminal organic electronic device obtained In the manner described above 
mostly will be used as a switching device, it may also be used as a memory device, a variable resistor, a light sensor 
or the like. 

[0158] It is preferable that the substrate be such that active hydrogens are exposed on the surface. The active hy- 
drogen removing treatment may be a chemical treatment perfonned to remove active hydrogens from the portion other 
than the specified portion of the surface of the substrate. Alternatively, the active hydrogen removing treatment may 
be a physical treatment performed to remove active hydrogens from the portion other than the specified portion of the 
surface of the substrate. 

[01 59] It is preferable that the conductive organic thin film be a monomolecular film or a monomolecular built-up film, 
the monomolecular film and the monomolecular built-up film being fixed to the substrate. In such a film, because the 
molecules are oriented to some degree and the polymerizable group of each molecule is located at approximately the 
same position with respect to the surface of the substrate such that the polymerizable groups are lined in a row the 
polymerizable groups form conjugated bonds with one another that are approximately parallel to the surface of the 
substrate when polymerization reactions occur between adjacent polymerizable groups. As a result, a conductive net- 
work having a high conductivity is formed. 

[01 60] It is preferable that chemisorption or the Langmuir-Blodgett technique be utilized in the step of forming a film 
By using these methods, a monomolecular film or a monomolecular built-up film of an arbitrary thickness is simply 
produced. 

[01 61 ] It is suitable to use a silane-based chemisorbable substance in a step of forming a film in which chemisorption 
is utilized. By using this substance, a device is efficiently produced in a short time. 

[0162] It is preferable that the light-responsive group be a photoisomerizable group. For example, in cases in which 
the photoisomerizable group is an azo group, the azo group changes from a first isomer having a trans configuration 
with irradiation by visible rays and to a second isomer having a cis transfiguration with irradiation by ultraviolet rays 
Thus, a film whose conductivity easily changes is fomried. 

[01 63] It is preferable that the polymerizable group be selected from the group consisting of a catalytlcally polymer- 
izable group, an eleclrolylically polymerizable group, and a polymerizable group that is polymerized through energy 
beam irradiation. With these functional groups, polymerization by catalytic polymerization, electrolytic polymerization, 
or polymerization caused by energy beam radiation can be employed to simply form a conductive organic thin film. It 
is suitable that the catalytically polymerizable group be selected from the group consisting of a pyrrolyl group, a thienyl 
group, an acetylene group, and a diacetylene group. It is suitable that the electrolytlcally polymerizable group be a 
pyrrolyl group or a thienyl group. It is suitable that the polymerizable group that Is polymerized through energy beam 
Irradiation be an acetylene group or a diacetylene group. 

[0164] It is preferable that the polymerizable group be an electrolytlcally polymerizable group, the step of forming a 
first electrode and a second electrode be carried out before the step of forming a conductive network, and the step of 
forming a conductive network be such that each electrolytlcally polymerizable group is subjected to an electrolytic- 
polymerization reaction to form the conductive network. With a construction such as this, the first electrode and the 
second electrode can be used to form the conductive network so that in applying a voltage between both electrodes 
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to bring about polymeri7ation, the conductive network arises automatically. 

[0165] The method may be such that the polymerizable group is an electrolytlcally polymerizable group that is a 
pyrrolyl group or a thienyl group and the method further comprises, after the step of forming the first electrode and the 
second electrode, a step of forming a coating film on the organic thin film and an additional conductive network in the 
5 coating film by immersing the substrate having the organic thin film fomned thereon in an organic solvent In which 
organic molecules each having a light-responsive group and a functional group that is a pyn-olyl group or a thienyl 
group are dissolved and applying voltages between the first electrode and the second electrode and between the first 
electrode or the second electrode and an external electrode, respectively, the external electrode being contacted with 
the organic solvent and disposed above the organic thin film. Because a multilevel conductive network is formed, this 
10 construction makes it possible to provide a two-terminal organic electronic device that allows for an even larger current. 
[0166] Alternatively, the method of producing a two-terminal organic electronic device may be such that the polym- 
erizable group is an electrolytlcally polymerizable group that is a pyrrolyl group or a thienyl group, the step of forming 
the first electrode and the second electrode is carried out before the step of forming the conductive network, and the 
step of forming the conductive network includes forming a coating film on the organic thin film while fomiing the con- 
's ductive network of the organic thin film and an additional conductive network in the coating film by immersing the 
substrate having the organic thin film fomied thereon in an organic solvent in which organic molecules each having a 
light-responsive group and a functional group that Is a pyrrolyl group or a thienyl group are dissolved and applying 
voltages between the first electrode and the second electrode and between the first electrode or the second electrode 
and an external electrode, respectively, the external electrode being contacted wilh the organic solvent and disposed 
20 above the organic thin film. In cases in which the conductive organic thin film is a monomolecular built-up film, this 
construction makes it possible to produce, in a short time, a two-terminal organic electronic device that allows for an 
even larger current because the polymerization reactions are brought about in a shorter length of time in the forming 
of the conductive network. 

[01 67] There is also provided a second method of producing a three-terminal organic electronic device formed on a 

25 substrate, the device comprising a first electrode, a second electrode spaced from the first electrode, a conductive 
organic thin film electrically connecting the first electrode and the second electrode, and a third electrode sandwiched 
between the substrate and the conductive organic thin film and insulated therefrom wherein the third electrode controls 
an electric field across the conductive organic thin film by application of a voltage between Itself and the first electrode 
or itself and the second electrode, and the conductive organic thin film comprises an organic molecular group com- 

30 prising organic molecules each having a polar group and has a conductive network in which the organic molecules 
making up the organic molecular group are bonded to one another by conjugated bonds, the method comprising the 
steps of forming the third electrode on a surface of the substrate, preliminarily treating the substrate by performing an 
active hydrogen removing treatment on a portion other than a specified portion of the surface of the substrate to make 
the specified portion into a region having a higher density of exposed active hydrogens than the portion other than the 

35 specified portion, forming a film by contacting the region having a higher density of exposed active hydrogens with 
organic molecules each having a functional group that reacts with active hydrogens, a polar group, and a polymerizable 
group that bonds by conjugated bonds and inducing the organic molecules and active hydrogens In the region to react 
such that an organic molecular group comprising the organic molecules is fixed to the specified portion of the surface 
of the substrate by covalent bonds, forming the conductive network by bonding the organic molecules making up the 

40 organic molecular group to one another by conjugated bonds, and forming the first electrode and the second electrode 
on the substrate. 

[0168] The method described above con'esponds to the second method of producing a functional organic thin film. 
In this method, a high precision conductive organic thin film is fomned even if electrodes are fomned on the surtace of 
the substrate. Thus, the technology to form a highly integrated three-tenminal organic electronic device capable of high- 
45 speed response is provided. 

[0169] While it is assumed that a three-terminal organic electronic device obtained In the manner described above 
mostly will be used as a switching device, it is not limited to this use. 

[0170] It is preferable that the substrate be such that active hydrogens are exposed on the surface. The active hy- 
drogen removing treatment may be a chemical treatment pertormed to remove active hydrogens from the portion other 
so than the specified portion of the surface of the substrate. Alternatively, the active hydrogen removing treatment may 
be a physical treatment performed to remove active hydrogens from the portion other than the specified portion of the 
surface of the substrate. 

[0171] It is preferable that the conductive organic thin film be a monomolecular film or a monomolecular built-up film, 
the monomolecular film and the monomolecular built-up film being fixed to the substrate. In such a film, because the 
55 molecules are oriented to some degree and the polymerizable group of each molecule is located at approximately the 
same position with respect to the surface of the substrate such that the polymerizable groups are lined in a row, the 
polymerizable groups form conjugated bonds with one another that are approximately parallel to the surface of the 
substrate when polymerization reactions occur between adjacent polymerizable groups. As a result, a conductive net- 
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work having a high conductivity is formed. 

[01 72] It is preferable that chemisorptlon or the Langmuir-Blodgett technique be utilized in the step of fonning a film 
By using these methods, a monomolecular film or a monomolecular built-up film of an aititrary thfckness is simolv 
produced. 

5 [01 73] It is suitable to use a silane-based chemisorbable substance in a step of forming a film in which chemisorptlon 
IS utilized. By using this substance, a device is efficiently produced in a short time. 

[01 74] II is preferable that the polar group be a polarizable group that is polarized when an electric field is applied 
For example, when the polarizable group is a carbonyl group or an oxycarbonyl group, sensitivHy to an applied electric 
field IS very high such that polarization increases with application of an electric field. Thus, a switching device havina 
'0 a very high-speed response is obtained. 

[01 75] It is preferable that the polymerizable group be selected from the group consisting of a catalytically polymer- 
izable group, an electrolytically polymerizable group, and a polymerizable group that is polymerized through energy 
beam irradiation. With these functional groups, polymerization by catalytic polymerization, electrolytic polymerization 
or polymenzation caused by energy beam radiation can be employed to simply form a conductive organic thin film It 
IS suitable that the catalytically polymerizable group be selected from the group consisting of a pyrrolyl group a thienyl 
group, an acetylene group, and a diacetylene group. It is suitable that the electrolytically polymerizable group be a 
pyrrolyl group or a thienyl group. It is suitable that the polymerizable group that is polymerized through energy beam 
irradiation be an acetylene group or a diacetylene group. 

[0176] II is preferable that the polymerizable group be an electrolytically polymerizable group, ihe step of forming 
the first electrode and the second electrode be carried out before the step of forming the conductive network and the 
step of forming the conductive network be such that by applying a voltage between the first electrode and the second 
electrode, each electrolytically polymerizable group are subjected to an electrolytic-polymerization reaction to fomi the 
conductive network. With a construction such as this, the first electrode and the second electrode can be used to form 
the conductive network so that In applying a voltage between both electrodes to bring about polymerization, the con- 
25 ductlve network arises automatically. 

[01 77] The method of producing a three-terminal organic electronic device may be such that the polymerizable group 
is an electrolytically polymerizable group that is a pyrrolyl group or a thienyl group and the method further comprises 
after the step of forming the first electrode and the second electrode, a step of forming a coating film on the organic 
thin film and an additional conductive network in the coating film by immersing the substrate having the organic thin 
30 film formed thereon in an organic solvent in which organic molecules each having a light-responsive group and a 
functional group that is a pyrrolyl group or a thienyl group are dissolved and applying voltages between thefirst electrode 
andlhe second electrode and between the first electrode or the second electrode and an external electrode respec- 
tively, the external electrode being contacted with the organic solvent and disposed above the organic thin film Because 
a multilevel conductive network is formed, this construction makes it possible to provide a two-terminal organic elec- 
ts tronic device that allows for an even larger current. 

[01 78] Alternatively, the method may be such that the polymerizable group is an electrolyttoally polymerizable group 
that IS a pyrrolyl group or a thienyl group, the step of forming the first electrode and the second electrode is carried out 
before the step of fomiing the conductive network, and the step of fomiing the conductive network Includes forming a 
coating film on the organic thin film while forming the conductive network of the organic thin film and an additional 
conductive network in the coating film by immersing the substrate having the organic thin film formed thereon in an 
organic solvent in which organic molecules each having a light-responsive group and a functional group that is apyrrolyl 
group or a thienyl group are dissolved and applying voltages between the first electrode and the second electrode and 
between the first electrode orthe second electrode and an external electrode, respectively, the external electrode being 
contacted with the organic solvent and disposed above the organic thin film. This construction makes it possible to 
produce. In a short time, a two-terminal organic electronic device that allows for an even larger current because the 
polymerization reactions are brought about in a shorter length of time in the forming of the conductive network 
[0179] According to another aspect of the invention, there is provided a first method of producing a liquid crystal 
display device wherein the step of fomiing an array substrate comprises the substeps of forming third electrodes in a 
matrix on a surface of the first substrate, preliminarily treating the first substrate by performing an active hydrogen 
exposure treatment on specified portions of the surface of the first substrate to make the specified portions into regions 
having higher densities of exposed active hydrogens than portions other than the specified porttons, forming a film by 
contacting the regions having higher densities of exposed active hydrogens with organic molecules each having a 
functional group that reacts with active hydrogens, a polar group, and a polymerizable group that bonds by conjugated 
bonds and inducing the organic molecules and active hydrogens in the regions to react such that an organic molecular 
group comprising the organic molecules is fixed to the specified portions of the surface of the first substrate by covalent 
bonds, forming a conductive network by bonding the organic molecules making up the organic molecular group to one 
another by conjugated bonds, forming first electrodes and second electrodes on the first substrate, and fomiing the 
first orientation film on the first substrate having the first electrodes, the second electrodes, and the third electrodes 
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formed thereon. This construction makes it possible to produce a liquid crystal display device that uses organic thin 
film transistors (TFTs) instead of inorganic TFT's. In the production of organic TFT's. because there is no step of 
treating the substrate at a high temperature, It is possible to use a plastic substrate that is inferior to a glass substrate 
in terms of fieat resistance. Thus, because the range of substrates that may be selected increases, it becomes possible 
to provide a liquid crystal display device that is excellent in terms of flexibility and that has a greater variety of appli- 
cations. In addition, because the production of minute-sized TFTs Is possible, a high-performance liquid crystal display 
device can be provided. 

[0180] As Is described above, the liquid crystal display device generally comprises an array substrate wherein a 
plurality of switching devices are fonned on a first substrate so as to be arranged and disposed in a matrix and a first 
orientation film is formed thereon, a color filler substrate wherein color elements are formed on a second substrate so 
as to be arranged and disposed in a matrix, and a liquid crystal filling the space between the array substrate and the 
color filter substrate, the array substrate and the color filter substrate being arranged such that they face each other 
at a specified gap with the first orientation film and the second orientation film on the inside. The device is produced 
by a step of fonming an array substrate wherein a plurality of three-temiinal organic electronic devices, sen/Ing as 
switching devices, are formed on the first substrate so as to be arranged and disposed in a matrix and the first orientation 
film Is formed thereon, a step of fomning a color filter substrate wherein color elements are formed on a second substrate 
so as to be arranged and disposed In a matrix and a second orientation film is formed thereon, and a step of arranging 
the array substrate and the color filter substrate such that they face each other at a specified gap, the first orientation 
film and the second orientation film being on the inside, filling the space between the array substrate and the color 
filter substrate with a liquid crystal, and sealing the liquid crystal. 

[0181] The substrate may be an Insulating substrate on a surface of which active hydrogens are not exposed. 
[01 82] There is also provided a first method of producing an EL display device wherein the step of fomiing an array 
substrate step comprises the substeps of forming third electrodes in a matrix on a surface of the substrate, preliminarily 
treating the substrate by performing an active hydrogen exposure treatment on specified portions of the surface of the 
substrate to make the specified portions into regions having higher densities of exposed active hydrogens than portions 
other than the specified portions, forming a film by contacting the regions having higher densities of exposed active 
hydrogens with organic molecules each having a functional group that reacts with active hydrogens, a polar group, 
and a polymerizable group that bonds by conjugated bonds and inducing the organic molecules and active hydrogens 
in the regions to react such that an organic molecular group comprising the organic molecules is fixed to the specified 
portions of the surface of the substrate by covalent bonds, and forming a conductive network by bonding the organic 
molecules making up the organic molecular group to one another by conjugated bonds, and fonning first electrodes 
and second electrodes on the substrate. This construction makes it possible to produce an electroluminescent display 
device that uses organic thin film transistors (TFT's) instead of inorganic TFT's. In the production of organic TFT's, 
because there is no step of treating the substrate at a high temperature, it is possible to use a plastic substrate that Is 
inferior to a glass substrate in terms of heat resistance. Thus, because the range of substrates that may be selected 
increases, it becomes possible to provide an EL display device that is excellent In temris of flexibility and that has a 
greater variety of applications. In addition, because the production of minute-sized TFTs Is possible, a high-perform- 
ance EL display device can be provided. 

[0183] As Is described above, the EL display device generally comprises an array substrate wherein a plurality of 
switching devices are arranged and disposed on a substrate in a matrix, a common electrode opposed to the array 
substrate, and a light-emitting layer comprising f lorescent material that emits light when a voltage Is applied. The device 
is produced by a step of fonning an array substrate wherein a plurality of three-tenninal organic electronic devices, 
serving as switching devices, are formed on a substrate so as to be arranged in a matriX: a step of fonning a light- 
emitting layer wherein a light-emitting layer comprising a fluorescent material that emits light when a voltage Is applied 
Is formed on the array substrate, and a step of forming a common electrode wherein a common electrode film is fonned 
on the light-emitting layer. 

[0184] The method of producing an EL display device described above may be such that the fluorescent material 
comprises three types of fluorescent materials, those which emit red, blue, and green light, respectively, and a re formed 
at specified positions in the step of fomiing a light-emitting layer to achieve color display. Thus, an EL color display 
device is provided. 

[01 85] There is also provided a second method of producing a liquid crystal display device wherein the step of forming 
an array substrate comprises the substeps of fonning third electrodes in a matrix on a surface of the first substrate, 
preliminarily treating the first substrate by performing an active hydrogen removing treatment on portions other than 
specified portions of the surface of the substrate to make the specified portions into regions having higher densities of 
exposed active hydrogens than the portions other than the specified portions, fonning a film by contacting the regions 
having higher densities of exposed active hydrogens with organic molecules each having a functional group that reacts 
with active hydrogens, a polar group, and a polymerizable group that bonds by conjugated bonds and inducing organic 
molecules and active hydrogens In the region to react such that the organic molecular group comprising the organic 
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molecules is fixed to the specified portions of the surface of the substrate by covalent bonds, forming a conductive 
network by bonding the organic molecules making up the organic molecular group to one anotherby conjugated bonds 
forming first electrodes and second electrodes on the first substrate, and forming the first orientation film on the first 
substrate having the first electrodes, the second electrodes, and the third electrodes formed thereon. This construction 
makes it possible to produce a liquid crystal display device that uses organic thin film transistors (TFTs) instead of 
inorganic TFT's. In addition, similarly to above, it is possible to use a plastic substrate that is inferiorto a glass substrate 
in teims of heal resistance, and thus a liquid crystal display devtee that has a greater variety of applications can be 
provided. Furthetmore, because the production of minute-sized TFT's is possible, high-performance a liquid crystal 
display device can be provided. 

[0186] In the method described above, the first substrate may be an insulating substrate having a surface with active 
hydrogens exposed thereon. 

[0187] There is also provided a second method of producing an EL display device wherein the step of forming an 
an'ay substrate comprises the substeps of forming third electrodes in a matrix on a surface of the substrate preliminarily 
treating the substrate by performing an active hydrogen removing treatment on portions other than specified portions 
of the surface of the substrate to make the specified portions into regions having higher densities of exposed active 
hydrogens than the portions other than the specified portions, forming a film by contacting the regions having higher 
densities of exposed active hydrogens with organic molecules each having a functional group that reacts with active 
hydrogens, a polar group, and a polymerizable group that bonds by conjugated bonds and inducing the organic mol- 
ecules and aclive hydrogens in the region lo react such that the organic molecular group comprising the organic mol- 
ecules IS fixed to the specified portions of the surlace of the substrate by covalent bonds, fomiing a conductive network 
by bonding the organic molecules making up the organic molecular group to one another by conjugated bonds and 
forming first electrodes and second electrodes on the substrate. This construction makes it possible to produce an EL 
display device that uses organic thin film transistors (TFT's) instead of inorganic TFTs. In addition, similarly to above 
It IS possible to use a plastic substrate that is inferior to a glass substrate in terms of heat resistance and thus an EL 
display device that has a greater variety of applications can be provided. Furthermore, because the production of 
minute-sized TFTs is possible, a high-performance EL display device can be provided. 

[0188] In the method described above, the substrate may be an insulating substrate having a surface with active 
hydrogens exposed thereon. 

[0189] The method of producing an EL display device described above may be such the fluorescent material com- 
pnses three types of fluorescent materials, those which emit red, blue, and green light, respectively and are formed 
at specified positions in the step of fomiing a light-emitting layer to achieve color display. Thus, an EL color disolav 
device is provided. ' 

[0190] For a more complete understanding of the present invention, and the advantages thereof, reference is now 
made to the following descriptions taken in conjunction with the accompanying drawings, in vtrhich: 

Fig. 1 is a schematic cross sectional view of a two-tenninal organic electronic device in accordance with Embod- 
iment 1 ; 

Fig. 2 is a schematic cross sectional view of a two-terminal organic electronic device in accordance with Embod- 
iment 2; 

Fig. 3 illustrates a method of operating a two-terminal organic electronic device in accordance with Embodiment 
3; (a) schematically shows the change in the conductivity of a conductive organic thin film in response to light 
irradiation, and (b) schematically shows switching operations accompanying photoisomerization; 
Fig. 4 is a cross sectional view of a three-temiinal organic electronic device in accordance with Embodiment 4- 
Fig. 5 IS a cross sectional view of a three-tenninal organic electronic device in accordance with Embodiment 5- 
Fig. 6 illustrates a method of operating a three-terminal organic electronic device in accordance with Embodiment 
6; (a) schematically shows the dependency of the conductivity of a conductive network on the voltage applied to 
a third electrode, and (b) schematically shows switching operations brought about by applying or not apolvina 
voltage to the third electrode; j kk/ a HW'ia 

Fig. 7 illustrates a method of producing a two-terminal organic electronic device in accordance with Example 1 by 
a schematic cross sectional view showing, enlarged to the molecular level, the state after which a monomolecular 
film has been formed; 

Fig. 8 illustrates a method of producing a two-terminal organic electronic device in accordance with Example 1 by 
a schematic cross sectional view showing, enlarged to the molecular level, the state after which a conductive 
network has been fonned by polymerization; 

Fig. 9 is a schematic cross sectional view of a two-terminal organic electronic device in accordance to Example 1 
illustrating switching brought about by light; 

Fig. 10 illustrates a method of producing a three-temiinal organic electronic device in accordance with Example 2 
by a schematic cross sectional view showing the state after which a third electrode has been formed on a substrate 
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and electrolytic oxidisation has been brought about; 

Fig. 11 illustrates a method of producing a three-terminal organic electronic device In accordance to Example 2 
by a schematic cross sectional showing, enlarged to the molecular level, the state after which a monomolecular 

film has been formed; 

Fig. 12 is a schematic cross sectional view illustrating switching, by use of an electric field, of a three-terminal 
organic electronic device in accordance with Example 2; 

Fig. 13 schematically Illustrates a method of producing (step of preliminarily treating a substrate) a two-terminal 
organic electronic device In accordance with Example 5; (a) is a perspective view showing the state after which 
the resist pattern has been formed, and (b) is an enlarged partial cross sectional view of (a); 
Fig. 1 4 is a schematic cross sectional view illustrating a method of producing (step of preliminarily treating a sub- 
strate) a two-terminal organic electronic device in accordance with Example 5 and showing the state after which 
an active hydrogen exposure treatment has been carried out; 

Fig. 15 is a schematic cross sectional view Illustrating a method of producing (step of preliminarily treating a sub- 
strate) a two-terminal organic electronic device in accordance with Example 5; 
Fig. 16 is a schematic cross sectional view of portion A of Fig. 15 enlarged to the molecular level; 
Fig. 1 7 is a cross sectional view schematically showing the state after which a conductive network has been formed; 
Fig. 18 Is a schematic cross sectional view Illustrating a method of producing (step of fomning a first electrode and 
a second electrode) a two-terminal organic electronic device In accordance with Example 5; 
Fig. 1 9 is a schematic cross sectional view illustrating the switching by lighl of a device produced according to the 
method of producing a two-terminal organic electronic device in accordance to Example 5; 
Fig. 20 is a schematic cross sectional view illustrating a method of producing a three-terminal organic electronic 
device (step of forming a third electrode) in accordance with Example 6; 

Fig. 21 is a schematic cross sectional view illustrating a method of producing a three-terminal organic electronic 
device (stop of preliminarily treating a substrate) in accordance with Example 6; 

Fig. 22 is a schematic cross sectional view illustrating a method of producing a three-terminal organic electronic 
device (step of forming a film) in accordance with Example 6; 

Fig. 23 is a schematic cross sectional view illustrating a method of producing a three-terminal organic electronic 
device (step of forming a first electrode and a second electrode) in accordance with Example 6; 
Fig. 24 is a schematic cross sectional view illustrating the switching by an electric field of a device produced 
according to a method of producing a three-temninal organic electronic device in accordance with Example 6; 
Fig. 25 Is a schematic cross sectional view Illustrating a method of producing (step of preliminarily treating a sub- 
strate) a two-terminal organic electronic device In accordance with Example 7; (a) shows the state after which a 
resist pattern has been formed, and (b) shows the state after which the resist pattern has been removed by an 
active hydrogen removing treatment; 

Fig. 26 is a schematic cross sectional view illustrating a method of producing (step of forming a film) a two-terminal 
organic electronic device in accordance with Example 7; 

Fig. 27 is a schematic cross sectional view illustrating a method of producing (step of forming a first electrode and 
a second electrode) a two-terminal organic electronic device in accordance with Example 7; 
Fig. 28 is a schematic cross sectional view illustrating a method of producing (a step of forming a third electrode) 
a three-terminal organic electronic device In accordance with Example 8; 

Fig. 29 is a schematic cross sectional view illustrating a method of producing (step of preliminarily treating a sub- 
strate) a three-terminal organic electronic device in accordance with Example 8; (a) shows the state after which a 
resist pattern has been formed, and (b) shows the state after which the resist pattern has been removed by an 
active hydrogen removing treatment; 

Fig. 30 is a schematic cross sectional view Illustrating a method of producing (step of forming a film) a three- 
terminal organic electronic device in accordance with Example 8; 

Fig. 31 is a schematic cross sectional view illustrating a method of producing (step of fomning a first electrode and 
a second electrode) a three-tenminal organic electronic device in accordance with Example 8. 

[0191] The preferred embodiments of the present Invention are described below with reference to the figures. 

EMBODIMENT 1 

[0192] The present embodiment relates to an example of a two-terminal organic electronic device of the present 
invention. It is described with reference to Fig. 1. 

[0193] This two-terminal organic electronic device is composed of, formed on a substrate 1, a first electrode 2, a 

second electrode 3, and a conductive organic thin film 4 contacting and being electrically connected to a portion of the 
undersurfaces of both electrodes. The conductive organic thin film 4 has a conductive network 5 In which organic 
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molecules each having a lighl-responsive group and a polymerwable group are linked together 
10194] Olher than the requirement of having a light-responsive group and a polymerizable group, the organic mole- 
cules used in (orming the conductive organic thin film 4 do not have any particular limitations, but among the many 
possibilities^it IS suitable to use an organic molecule represented by the general formula (1) below (a silane-based 
chemisorbable substance): 



A-(CH2)„— B-(CH2)„-SiD.E; 



p'^S.p (1) 



"> wherein A is a polymerizable group which bonds by conjugated bonds. B is a light-responsive group. D is a functional 
group which reacts with active hydrogens, E is a functional group which does not react with aclive hydrogens m and 
narepositiveintegers.m-i-nbeingfrom2to25. andpisanintegerof 1,2or3 ' 
[0195) From the standpoint of the conductivity of the conductive network, it is suitable that, in the general formula 
(1 ), A be a functional group which forms conjugated bonds through polymerization reactions (a functional group which 
bonds by conjugated bonds to form a conductive network) such as an acetylene group, a diacetylene group a thienyl 

group.orapyrrolylgroupJt is suitable thatBbeacis-transphotolsomerizablegroupsuch as an aLgroSpJti^^ 
that D. from the standpoint of reactivity, be a halogen atom, an Isocyanate group, an alkoxy group, or the like For E 
an alkylgroupsuch as amethyl group or an ethyl group, a hydrogen atom, orthe likecan be used. Finally, it is particularly 
suitable that m and n be such that m+n is from 1 0 to 20. ' >■ s 

^ [0196] Among organic molecules that can be represented by the general formula (1). It is suitable to use the organic 
molecules represented by the general formulas (2) to (5) below: 



25 



(CH3)3Si- C s C- (CHg)^— N=N— (CH2)„— SiClg 



(2) 



H— C-C- C = C— (CHa)^— N=N— (CHj)^— SiClg 



(3) 



30 CM^S- 



35 



4H3S-(CH2)„-N=N-(CH2)„-SiCl3 (4) 



C4H4N— (CHg)^— N=N— (CH2)„SiCl3 



(5) 



wherein m and n are positive integers, m+n being from 2 to 25. 

The conductive network is a region that assumes the role of providing conductivity to the conductive organic 
thin film and is fomied by conjugate bonding of the polymerizable group of each organic molecule through polymeri- 
za lon reactions. It is suitable, from the standpoint of conductivity, ease of production, and the like, that the conductive 
network be a polyacetylene-based. polydiacetylene-based, polypyrrole-based, polythiophene-based, or polyacene- 
based conjugated system. j f . puiyai-Bin; 

[0198] The two-temiinal organic electronic device of the present embodiment can be produced in the following man- 
ner. First, an insulating substrate or an insulating film-covered substrate that is an Insulating film fomied on a surface 
of an arbitrary substrate Is prepared, and an organic thin film comprising the above-described organic molecules is 
ormed using a photoresist or the like (step of forming an organic thin film). Forthe method of fomiing the organic thin 
film, chemisorption, the Langmuir-Blodgett technique (LB), or the like can be used. Subsequently, the polymerizable 
groups in the organic thin film are subjected to polymerization reactions to from a conductive network (step of fomiina 
a conductive network). Polymerization reactions differ depending on the type of reaction, but for the organic thin film 
polymerization reactions are brought about by heat treatment, energy beam irradiation, or the like. For the energy 
beam, ultraviolet rays, far-ultraviolet rays. X-rays, electron rays, or the like may be used. Next, a first electrode and a 
second electrode spaced from each other are formed on the organic thin film having a conductive network (conductive 
organic thin film) by photolithography and etching so that the electrodes are in contact with the overlapping conductive 
be Zained " ^ ^"^ ^ electrode). Thus, a two-temilnal organic electronic device can 

55 [0199] According to the construction of the present embodiment, when a conductive network does not exist at the 
surface of the monomolecular film distanced from the substrate, electric conduction between the conductive network 
and the electrodes worsens, so it is preferable that organic molecules each having a polymerizable group in Its mo- 
lecular terminal be used. With these kinds of organic molecules, because the area of contact between the conductive 
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network and the electrodes increases, a decrease in contact resistance is made possible and good conductivity, even 
with a mononnolecular film, is secured. 

[0200] It is to be noted that while above the step of forming a first electrode and a second electrode was carried out 
after the step of forming a conductive network, the steps are not limited to this order, but it is possible to carry out the 
step of fonming a first electrode and a second electrode first. 

[0201] In addition, if an even higher conductivity is required, it is possible to form a coating film having a conductive 
network between the first electrode and the second electrode. Specific methods include the methods described below. 

(1) First, after making a substrate on which a monomolecular film having a conductive network and electrodes 
have been fomned by means of the previously described step of forming an organic thin film, step of fonning a 
conductive network, and step of forming a first electrode and a second electrode, the substrate is immersed in an 
organic solvent having organic molecules containing electrolytically polymerizable groups and tight-responsive 
groups dissolved therein. Subsequently, a first voltage is applied between the first electrode and the second elec- 
trode, and a second voltage is applied between the first electrode or the second electrode and an external electrode 
contacted with the organic solvent and disposed above the monomolecular film. As a result, a coating film having 
a conductive network is fomned between the first electrode and the second electrode. Thus, a two-terminal organic 
electronic device can be obtained wherein, on a monomolecular film containing a conductive network having a 
first structure, a coating film containing a conductive network having a second stnjcture is formed. 

(2) First, after making a substrate on which a monomolecular film (without a conductive network) and electrodes 
have been formed by means of the previously described step of fonming an organic thin film and step of forming 
a first electrode and second electrode, the substrate is immersed in an organic solvent having organic molecules 
containing electrolytically polymerizable groups and light-responsive groups dissolved therein. Subsequently, a 
first voltage is applied between the first electrode and the second electrode, and a second voltage is applied 
between the first electrode or the second electrode and an external electrode contacted with the organic solvent 
and disposed above the monomolecular film. As a result, a coating film is fomned on the monomolecular film, and 
a conductive network is formed in both the monomolecular film and the coating film. Thus, a two-temninal organic 
electronic device can be obtained wherein, on a monomolecular film containing a conductive network having a 
first structure, a coating film containing a conductive network having a second structure is formed. 

[0202] It is to be noted that in (1) and (2), a method of immersion in an organic solvent having organic molecules 
dissolved therein was described, but this is not the only possible method. An application method also may be employed. 

In other words, it is possible, after applying an organic solvent containing organic molecules to the surface of an organic 
thin film, to apply a voltage between a first electrode and a second electrode to form a conductive network. 

EMBODIMENT 2 

[0203] The present embodiment relates to another example of a two-terminal organic electronic device of the present 

invention. It is described with reference to Fig. 2. 

[0204] This two-terminal organic electronic device is composed of, formed on a substrate 1 , a first electrode 2, a 
second electrode 3, and a conductive organic thin film 4 contacting and being electrically connected to side surfaces 
of both electrodes. The conductive organic thin film 4 has a conductive network 5 in which organic molecules each 

having a light-responsive group and a polymerizable group are linked together 

[0205] The two-tenninal organic electronic device of the present embodiment can be produced in the following man- 
ner. First, an insulating substrate or an insulating film-covered substrate that is an insulating film formed on a surface 
of an arbitrary substrate is prepared, and an organic thin film comprising the above-described organic molecules Is 
formed using a photoresist or the like (step of forming an organic thin film). Subsequently, the polymerizable groups 
in the organic thin film are subjected to polymerization reactions to fonm a conductive network (step of forming a con- 
ductive network). Next, a first electrode and a second electrode spaced from each other are formed by photolithography 
and etching so that the electrodes are in contact with the organic thin film having a conductive network (conductive 
organic thin film) (step of forming a first electrode and a second electrode). Thus, a two-temninal organic electronic 
device can be obtained. 

[0206] According to the construction of the present embodiment, it is possible to use organic molecules each con- 
taining a polymerizable group at an arbitrary location in the molecule. In addition, by using organic molecules each 
containing a plurality of polymerizable groups, a plurality of conductive networks _can be formed. Supposing the con- 
ductive organic thin film is a monomolecular built-up film, a film having a plurality of conductive networks results. 
[0207] It is to be noted that while above the step of forming a first electrode and a second electrode was carried out 
after the step of forming a conductive network, the steps are not limited to this order, but it is possible to carry out the 
step of fomning a first electrode and a second electrode first. It is also possible to carry out the step of fomning a first 
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eleclrode and a second electrode before the step of fornning an organic Itiin film. 

[0208] In addition, if an even higher conductivity is required, a coating film having a conductive network may be 
formed between the first eleclrode and the second electrode in the same manner as Embodiment 1 . 

EMBODIMENT 3 

[0209] The present embodiment relates to a method of operating a two-terminal organic electronic device Chanqe 
in conductivity over time caused by light irradiation and the switching operations of a two-terminal organic electronic 
device are described with reference to Fig. 3. 

[021 0] Fig. 3(a) is schematic graph qualitatively showing change in conductivity as a function of irradiation time when 
the conductive organic thin film is irradiated with light of a constant intensity 

[021 1] Considering that the amount of irradiated light is proportional to the product of the intensity of the irradiated 
light and irradiation time, the results are the same whether the amount of light with which the conductive organic thin 
film IS irradiated, the irradiation time under the condition of constant light intensity, or the light intensity under the 
condition of constant-irradiation time is plotted on the horizontal axis. In the following, the case in which the intensity 
of light IS constant is described. Change In conductivity Is detemfiined by the change in current with a constant voltage 
being applied between the first and the second electrode. 

[0212] The conductivity of the conductive network changes with Irradiation, and then becomes a constant value In 
contrast to Fig. 3(a). the conductive network may be such lhal when sufficient light is applied for a sufficient amounl 
of time in order to change conductivity, the current value reaches 0 A. In addition, while a case in which the current 
value decreases due to light Irradiation is shown in Fig. 3(a), It is possible that the conductive network be such that the 
current value increases. The nature of the change depends on the substances that make up the conductive organfc 
thin film, the structure of the conductive organfethin film, the structure of the conductive network, and the like 
[0213] Fig. 3(b) shows the principle of switching operations effected by shifting between stabilized states one having 
a first conductivity and another a second conductivity, respectively. The shifting accompanies isomerization caused by 
a first or a second light Irradiation, where the light-responsive group is a photolsomerizable group Line LI and line L2 
show whether a first and second light is being applied (P, ON. ON) or not applied (P, OFF, P, OFF) respectively 
Line L3 shows the response to the light irradiation, the current value after a first light was applied being L and the 
current value after a second light was applied being Ig. 

[0214] Fig. 3(b) shows the switching of current flowing between the first and the second electrode when voltage is 
being applied between the first and the second electrode. From L3, it is understood that the switching of current is 
triggered by the first and the second lights and is an operation like that of reset-set (R-S) flip-flop 
[021 5] More specifically, in Fig. 3(b). the case in which only one of two differing isomers is included is taken to be 
the stabilized state having the first conductivity while the case in which the other of the two differing isomers Is taken 
to be the stabilized state having the second conductivity. In other words, the h«o states in which complete isomerization 
has taken place are the stabilized states having the first or the second conductivity, respectively When this is the case 
even if the first light Is applied to the first stabilized state, there is no change in conductivity. The same is the case when 
the second light Is applied to the second stabilized state. 

[0216] In the above description, the switching operations were used as a switching device for switching current 
between a first and a second electrode. However, because the conductivity of a conductive organic thin film is changed 
by light irradiation, it may be used as the variable resistor of a light controller. 

[021 7] In addition, in the case of a conductive organic thin film comprising' an organic molecular group comprisinq 
organic molecules each having a photolsomerizable group that serves as the light-responsive group a first or a second 
light IS applied while a constant current Is flowing or a constant voltage is being applied between the first and second 
electrodes, and the change In voltage or the change In current between the first and second electrodes is read This 
makes it possible to use the device as a light meter or light detector supposing both the change in voltage and the 
change in current are read along with the irradiation lime. However, with these applications, it is necessaiy lhat the 
conductivity of the conductive organic thin film be Initialized after the film is irradiated with another light, either the first 
or the second light being used as a light that initializes a state. 

[0218] Because the state of the two isomers shifts with isomerization and because the state of the isomers is main- 
tained even when a light is no longer applied, it is also possible to use the device as a memory device. 

EMBODIMENT 4 

[021 9] The present embodiment relates to an example of a three-terminal organic electronic device of the present 
invention. It Is described with reference to Fig. 4. 

[0220] This three-temninal organic electronic device is composed of, fonmed on a substrate a first electrode 12 a 
second electrode 13. a third electrode 17, and a conductive organic thin film 14 electrically connected to a portion of 
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the undersurfaces of the first and the second electrodes and insulated fronn the third electrode. The conductive organic 
thin film 14 has a conductive network 15 in which organic molecules each having a polar group and a polymerizable 
group are linked together. It is to be noted that in the figure, reference number 1 8 designates a first Insulating film and 
reference number 19 designates a second insulating film. 

[0221] Other than the requirement of having a polar group and a polymerizable group, the organic molecules used 
in forming the conductive organic thin film 14 do not have any particular limitations, but among the many possibilities, 
it is suitable to use the organic molecule represented by the general formula (6) below (a sllane-based chemisorbable 
substance): 

A- (CHg)^- B'- (CH2)„-SiDpE3.p (6) 

wherein A is a polymerizable group which bonds by conjugated bonds, B' is a polar group, D is a functional group 
which reacts with active hydrogens. E is a functional group which does not react with active hydrogens, m and n are 
positive Integers, m+n being from 2 to 25, and p is an integer of 1 ,2, or 3. 

[0222] In the general fomriula (6), it is suitable that B' be a polarlzable group that is polarized when an electric field 
is applied such as an oxycarbonyl group, a carbonyl group, or the like. For A, D, E. m, and n, the same can be used 
as were used in the above-described two-terminal electronic devices. 

[0223] Among organic molecules that can be represented by the general formula (6), it Is suitable to use the organic 
molecules represented by the general formulas (7) to (1 0) below: 

(CH3)3 Si— C-C— (CHa)^ _0C0— (CHajn— SiClg (7) 



H_CsC— C=C— (CH2)„— OCO— (CH2)n— SiClg (8) 



C4H3S- (CHg)^— OCO- (CH^)— SICI3 (9) 



C4H4N--(CH2)^— OCO-(CH2)„-SiCl3 (10) 
wherein m and n are positive integers, m+n being from 2 to 25. 

[0224] For the conductive network, a polyacetylene-based, polydiacetylene-based, polypyrrole-based, polythi- 
ophene-based, or polyacene-based conjugated system is suitable as was the case in the above-described two-terminal 
organic electronic devices. 

[0225] The three>termlnal organic electronic device of the present embodiment can be produced in the following 
manner. First, an insulating substrate or an insulating film-covered substrate that is an insulating film formed on a 
surface of an arbitrary substrate is prepared, and on top of this, a third electrode is formed by photolithography and 
etching (step of forming a third electrode). Subsequently, using a photoresist or the like, an organic thin film comprising 
the above-described organic molecular group is formed directly or with an Insulating film disposed therebetween on 
the third electrode such that the third electrode is covered (step of fomiing an organic thin film). For the method of 
forming the organic thin film, chemisorption. the Langmuir-Blodgetl technique (LB), or the like can be used. Next, the 
polymerizable groups in the organic thin film are subjected to polymerization reactions to form a conductive network 
(step of forming a conductive network). The polymerization reactions in the organic thin film are brought about by heat 
treatment, energy beam radiation, or the like. Finally, a first electrode and a second electrode spaced from each other 
and also from a third electrode are formed on the organic thin film having a conductive network (conductive organic 
thin film) by photolithography and etching so that the electrodes are in contact with the overlapping conductive network 
(step of fomning a first electrode and a second electrode). Thus, a three-terminal organic electronic device can be 
obtained. 

[0226] According to the construction of the present embodiment, when a conductive network does not exist on the 
surface of a monomolecular film distanced from the substrate, electric conduction between the conductive network 
and the electrodes worsens, so it is preferable that organic molecules each having a polymerizable group in its mo- 
lecular terminal be used. With these kinds of organic molecules, because the area of contact between the conductive 
network and the electrodes increases, a decrease in contact resistance is made possible and good conductivity, even 
with a monomolecular film, Is secured. 
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[0227] It is to be noted that while above the step of forming a first electrode and a second electrode was carried out 
after the step of forming a conductive network, the steps are not limited to this order, but it is possible to carry out the 
step of fomning a first electrode and a second electrode first. 

[0228] In addition, if an even higher conductivity is required, it is possible to form a coating film having a conductive 
5 network between the first electrode and the second electrode as was described in Embodiment 1, 

EMBODIMENTS 

[0229] The present embodiment relates to another example of a three-terminal organic electronic device of the 

10 present invention. It is described with reference to Fig. 5. 

[0230] This three-terminal organic electronic device is composed of, formed on a substrate 11. a first electrode 12 
a second electrode 13, a third electrode 17, and a conductive organic thin film 14 electrically connected to the side 
surfaces of the first and second electrodes and insulated from the third electrode 1 7. The conductive organic thin film 
14 has a conductive network 15 in which organic molecules each having a polar group and a polymerizable group are 

'5 linked together. 

[0231] The three-terminal organic electronic device of the present embodiment can be produced in the following 
manner. First, an Insulating substrate or an insulating film-covered substrate that is an insulating film formed on the 
surface of an arbitrary substrate is prepared, and on top of this, a third electrode is formed by photolithography and 
etching (step of fomning a third electrode). Subsequently, using a photoresist, an organic thin film comprising the above- 
descnbed organic molecular group is formed directly or with an insulating film disposed therebetween on the third 
electrode so that the third electrode is covered (step of forming an organic thin film). Next, the polymerizable groups 
in the organic thin film are subjected to polymerization reactions to form a conductive network (the step of forming a 
conductive network). Finally, a first electrode and a second electrode spaced from each other and also from a third 
electrode are fomied by photolithography and etching so that the electrodes are in contact with the conductive network 
(step of fomiing a first electrode and a second electrode). Thus, a three-terminal organic electronic device can be 
obtained. 

[0232] According to the construction of the present embodiment, it is possible to use organic molecules each con- 
taining a polymerizable group at an arbitrary location In the molecule. In addition, by using organic molecules each 
containing a plurality of polymerizable groups, a plurality of conductive networks can be formed. Supposing the organic 
thin film is a monomolecular built-up film, a film having a plurality of conductive networks results. 
[0233] It is to be noted that while above the step of forming a first electrode and a second electrode was carried out 
after the step of forming a conductive network, the steps are not limited to this order, but it is possible to carry out the 
step of fonning a first electrode and a second electrode first. It is also possible to carry out the step of forming a first 
electrode and a second electrode before the step of forming an organic thin film. 

[0234] In addition, if an even higher conductivity is required, a coating film having a conductive network may be 
fomned between the first electrode and the second electrode in the same manner as Embodiment 1 . 

EMBODIMENTS 

[0235] The present embodiment relates to a method of operating a three-terminal organic electronic device Change 
in conductivity over time caused by application of an electric field and the switching operations of a three-terminal 
organic electronic device are described with reference to Fig. 6. 

[0236] Fig. 6(a) Is a schematic graph qualitatively showing change in conductivity when a voltage is applied to the 
third electrode 1 7. 

[0237] Considering that the voltage applied to the third electrode 17 is proportional to the electric field across the 
conductive organic thin film, the results are the same whether the electric field applied or the voltage applied to the 
third electrode 1 7 are plotted on the horizontal axis. In the following description, the applied voltage is used It Is to be 
noted that the change in conductivity of the conductive network is determined by the change in current with a constant 
voltage being applied between the first electrode 12 and the second electrode 13. 

[0238] It is understood that a change in conductivity of the conductive network is effected by applying a voltage to 
the third electrode 1 7 and that the conductivity converges to a constant value as the applied voltage increases. In other 
words, conductivity can be controlled within the range from the conductivity when no voltage is being applied to the 
conductivity at convergence by the application of voltage to the third electrode. 

[0239] In Fig. 6. the case in which the current is 0 A when voltage is applied is shown, but neither the ON current 
the current when voltage is being applied, nor the OFF current, the current when voltage is not being applied are 
limited to 0 V. While a case in which the current value decreases due to voltage application is shown, it is possible that 
the conductive network be such that the current value increases. The nature of the change depends on the construction 
off the conductive organic thin filnri. the structure of the conductive network, and the like. 
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[0240] The switching of conductivity in the conductive network is made possible by shifting between a stabili7ed state 
having a first conductivity when voltage is not being applied and a stabilized state having a second conductivity when 
a specified voltage is being applied. 

[0241] Fig. 6(b) shows the principle of switching operations of a three-terminal organic electronic device wherein the 
5 switching is brought about by an ON current (Iv=on) when a specified voltage is applied (Vqn) and an OFF current 
('v=off) when voltage is not applied (Vqff)' voltage being applied between a first electrode 12 and a second electrode 
13. 

[0242] Therefore, from Fig. 6(b), it is understood that the switching of current is made possible by the ON and OFF 
specified voltages applied to the third electrode 17. 
10 [0243] Although the case of switching by ON and OFF voltages has been shown, switching between a current value 
when a first voltage is applied to the third electrode 17 and a current value when a second voltage is applied to the 
third electrode 17 is also possible. 

[0244] In the above, the switching of current between a first and a second electrode was used for a switching device, 
but it may also be used for a variable resister of an electric field controller. 
15 [0245] The three terminal organic electronic device described above makes hlgh-speed response possible and thus, 
if used as a switching device, it can be used in an active matrix liquid crystal display device or an active matrix EL 
display device. As the basic principles, production methods, and the like of these kinds of display device are commonly 
known, a detailed explanation Is omitted here. 

[0246] Next, methods of producing a functional organic thin film according to the present invention are described. 
20 These methods can be applied to the methods of producing the above-described two-terminal organic electronic de- 
vices and three-terminal organic electronic devices. 

EMBODIMENT 7 

25 [0247] In a first method of producing a functional organic thin film of the present invention, an active hydrogen ex- 
posure treatment is performed on a specified portion of a substrate surface to form a region having a high density of 
exposed active hydrogens (step of preliminarily treating a substrate). This region is then contacted with organic mol- 
ecules each having a functional group that reacts with active hydrogens and a functional group to form a functional 
organic thin film wherein the organic molecules are fixed to the specified portion of the substrate surface by covalent 

30 bonds (step of forming a functional organic thin film). 

[0248] The substrate may be such that active hydrogens are not exposed. Examples include a water-repellent single 
layer substrate, a layered substrate wherein a water-repellent coating film is formed on a surface of an arbitrary sub- 
strate material or on a substrate material described later on which active hydrogens are exposed, and the like. Examples 
for the substrate material of the water-repellent single layer substrate Include water-repellent synthetic resins such as 

35 acrylic resin, polycarbonate resin, and polyethersulfone resin. Examples for the water-repellent coating film include 
metal films made of aluminum or the like, synthetic resin films made of acrylic resin, polycarbonate resin, polyether- 
sulfone resin, or the like, and water-repellent organic films. The density of exposed active hydrogen in these synthetic 
resin substrate materials and synthetic resin films is approximately zero. It is to be noted that the shape of the substrate 
is not particularly limited, but a substrate having a plate shape (single layer substrate or layered substrate) is normally 

40 used. 

[0249] The step of preliminarily treating a substrate comprises carrying out an active hydrogen exposure treatment 
on a specified portion of the substrate surface (region intended for film formation). It can be said that the active hydrogen 
exposure treatment is a treatment for making the substrate surface such that active hydrogens are exposed. Specific 
methods include (1 ) a method by oxidizing the specified portion of the substrate surface and supplying active hydrogens, 
45 and (2) a method by preparing a layered substrate wherein a hydrophilic organic film is fornied on a surface of a 
substrate material having active hydrogens exposed and removing the organic film from the specified portion of the 
substrate surface to expose the active hydrogens. 

(1) Method by oxidizing a specified portion of the substrate surface and supplying active hydrogens 

50 

[0250] Oxidizing methods such as excimer UV light irradiation, ultraviolet irradiation, plasma treatment, and corona 
treatment may be performed on a specified portion of the substrate in an atmosphere containing oxygen atoms and 
hydrogen atoms. This method is described in detail using oxidizing by excimer UV light irradiation as an example. First, 
the oxygen is broken down by excimer UV light irradiation, and ozone is compounded. The ozone then reacts with a 
55 substance supplying the hydrogen atoms, compounding an active species having active hydrogen. Meanwhile, at the 
specified portion of the substrate, the irradiation of UV light causes covalent bonds to break and cleave, and the active 
species acts on the cleaved portion Thus, active hydrogens are supplied tothe specified portion of the substrate surface, 
forming a region having a high density of exposed active hydrogens. 
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[0251] The specified portion, as is shown Rbove, is an aititrarily selected portion of the substrate suriace There 
may be, however one of these portions or a plurality of these portions. In the case of a plurality of these portions the 
portions may have the same shape or differing shapes. When the portion (one of the portions in the case of a plur'alitv 
of portions) is at the micron pattern level (specifically. 1 000 pmS or less), it tends to be the case that a higher precision 
functional organic thin film can be formed when the step of preliminarily treating a substrate is carried out than when 
not carried out. It is to noted that in consideration of limitations in the treatment process, the lower limit for the area of 
the portion is O.OIjim^. 

[0252] For the method of Irradiating only the specified portion of the substrate surface with excimer UV light it Is 
possible to cover a portion other than the specified portion with a mask material such as a resist and exposing onlv 
the specified portion, to apply an excimer UV light, to spot irradiate only the specified portion with the excimer UV light 
or the nice. In the method in which a mask material is used, the mask material maybe removed after the region having 
a high density of exposed active hydrogens is formed and before film formation is carried out. Alternatively a substrate 
having a mask material may be used in the step of forming a functional organic thin film, and the mask material removed 
after film fomiation is completed. If the mask material is removed before film formation, a cleaner film Is obtained 
because dirt from the mask material does not adhere to the functional organic thin film. If the mask material is removed 
after film formation, portions of the substrate surface on which the film has not been formed become clean The timing 
of the removal of the mask material may be chosen according to intended applications and the like for the substrate 
aiier film formation. 

[0253] Examples of the substance supplying the hydrogen atoms include water, ammonia, and the like When water 
IS used, the active hydrogens are those of -OH groups. When ammonia is used, the active hydrogens are those of 
— NH groups. 

(2) Method by removing an organic film from a specified portion of a layered substrate surface to expose active 
hydrogens 

[0254] In this method, excimer UV light Irradiation, ultraviolet irradiation, plasma treatment, corona treatment or the 
like may be carried out on a specified portion of a layered substrate surface under an atmosphere containing oxygen 
the layered substrate being such that a water-repellent organic film is formed on a surface of a substrate material on 
which active hydrogens are exposed. This method Is described in detail using oxidizing by ultraviolet irradiation as an 
example. In this method, first, the oxygen is broken down by the ultraviolet irradiation, and ozone is compounded 
Ultraviolet irradiation is then used again, this time on the ozone, and the ozone breaks down to compound active 
oxygen. Because active oxygen is highly oxidizing oxygen atoms, the organic film reacts with this active oxygen be- 
comes organic oxide, carbon monoxide, water, and the like, and volatilizes such that It is removed. As a result only 
the specified portion of the surface of the layered substrate becomes a region having exposed active hydrogens It is 
to be noted that the organic film contains an organic compound such as oil or human sebum. 
[0255] For the method of irradiating only the specified portion of the substrate surface with ultraviolet rays it is 
possible to cover a portion other than the specified portion with a mask material such as a resist and exposing only 
the specified portion, to apply an excimer UV light, to spot irradiate only the specified portion with the excimer UV light 
or the like. In the method in which a mask material is used, the mask material may be removed after the region having 
a high density of exposed active hydrogens is formed and before film formation is carried out. Alternatively a substrate 
having a rriask material may be used in thestep of forming a functional organic thin film, and the mask material removed 
after film formation is completed. 

[0256] The step of forming a functional organic thin film Is such that the region having a high density of exposed 
hydrogens that was f omned in the manner described above is contacted with organic molecules each having a functional 
group that reacts with active hydrogens and a functional group to form a functional organic thin film wherein the organic 
molecules are fixed to the specified portion of the substrate surface by covalent bonds. For example, the step of forming 
a functional organic thin film may be brought about by preparing a chemisorption solution comprising the above-men 
tioned organic molecules and a nonaqueous oiganfc solvent that does not damage the substrate and to contact the 
region with this chemisorption solution. As for the method of contacting the region with the chemisorption solution it 
IS possible to immerse the substrate or the substrate covered with a mask material in the chemisorption solution 'to 
apply the chemisorption solution to the substrate or the substrate covered with the mask material, or the like 
[0257] The functional group in each organic molecule that reacts with active hydrogens may be a' halogen an alkoxy 
group, an isocyanate group, or the like. The functional group in each organic molecules may be a pholoisomerizable 
group such as an azo group, a polar group such as a cariDonyl group or an oxycarbonyl group, a polymerizable group 
that bonds by conjugated bonds such as an acetylene group, a diacetylene group, a thienyl group, or a pyrrolyl group 
or the like. ^' 

[0258] In the present step, as was described above; a chemisorption solution containing the previously described 
organic molecules Is prepared, and the substrate is. for example immersed in the adsorption solution or the adsorption 
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solution is applied to the substrate to put the substrate surface in contact with the organic molecules. As a result, a 
dehydrochlorination reaction takes place between the functional groups in the organic molecules that react with active 
hydrogens and the active hydrogens exposed on the substrate surface, and the molecular groups in the organic mol- 
ecules are fixed to the substrate surface by covalent bonds. 

[0259] In the present invention, It is possible to carrying out a cleaning step for removing substances that are not 
bonded to the substrate. Specifically, a method such as one in which unbonded substances are washed away by a 
nonaqueous solvent used for cleaning may be carried out. If this method is employed, a drying step for removing the 
nonaqueous solvent is carried out after the cleaning step. 

[0260] A functional organic thin film formed in this manner is formed after a specified portion is made Into a region 
having a high density of exposed active hydrogens, and thus is a film having high dimensional precision. In addition, 
because organic molecules making up the functional organic thin film are fixed to a surface by covalent bonds, the film 
is excellent in terms of peel resistance and adhesion, 

EMBODIMENTS 

[0261] A second method of producing a functional organic thin film of the present invention differs from the method 
of Embodiment 7 in that in the step of preliminarily treating a substrate, an active hydrogen removing treatment is 
performed on a portion other than a specified portion of a substrate surface. 

[0262] The substrate may be such that active hydrogens are exposed on its surface. Examples for the substrate 
include a hydrophilic single layer substrate, a layered substrate wherein a hydrophllic coating film is formed on a surface 
of an arbitrary substrate material or a substrate material on which active hydrogens are not exposed, and the like. 
Examples for the substrate material of the hydrophilic single layer substrate include metals having oxidized surfaces, 
silicon, silicon nitride, silica, glass, and the like. Examples for the hydrophilic coating film include metal films having 
oxidized surfaces, silicon films, silicon nitride films, silica films, glass films, and the like. These examples have densities 
of exposed active hydrogens that are 5/nm2 or greater, values that can be considered high. It is to be noted that the 
shape of the substrate is not particularly limited though a substrate (single layer substrate or layered substrate) having 
a plate shape is usually used. 

[0263] The step of preliminarily treating a substrate of the present embodiment Is one In which an active hydrogen 
removing treatment Is performed on a portion other than a specified portion of a substrate (region that is not intended 
for film formation). It can be said that the active hydrogen removing treatment is a treatment for changing the substrate 
from one on which active hydrogens are exposed to one on which active hydrogens are not exposed. Specific methods 
include (1 ) a method by perfonning a chemical treatment on the portions of the material otherthan the specified portion 
such that the active hydrogens are removed, and (2) a method by performing a physical treatment on the portions of 
the material other than the specified portion such that the active hydrogens are removed, 

(1) A method by performing a chemical treatment on a portion otherthan a specified portion of a substrate surface 

[0264] In this method, a portion other than a specified portion of a substrate surface are contacted with organic 
molecules each having a functional group that reacts with active hydrogens such that these functional groups and 
active hydrogens in the portion other than the specified portion react and the active hydrogens are removed. According 
to this method, because the removal of active hydrogens is effected by a dehydrochlorination reaction between the 
functional groups that react with active hydrogens and the active hydrogens, it is possible to remove active hydrogens 
from the portion otherthan the specified portion of the substrate surface. Thus, the specified portion becomes a region 
having a high density of exposed active hydrogens. 

[0265] As for the method of contacting the portion other than the specified portion with the previously described 
organic molecules, it is possible to cover the specified portion with a mask material such as resist and with the portion 
other than the specified portion exposed, to contact the portion other than the specified portion with the organic mol- 
ecules. 

[0266] Examples for the organic molecules having functional groups that react with active hydrogens include the 
organic molecule represented by the general formula (11) below: 

Z-SiXpYg^ (11) 

wherein X is a functional group that reacts with active hydrogen. Y is a functional group that does not react with active 
hydrogen, Z is an inert functional group, and p is 1 , 2, or 3. 

[0267] Examples for X Include a halogen, an alkoxyl group, an isocyanate group, and the like. Examples for Y include 



30 



EP 1 179 863 A2 

an alkyi group such as a methyl group or an ethyl group and the like. Examples for 2 include an alkyi group such as a 
methyl group or an ethyl group, an alkyi fluoride group in which some or all of the hydrogen atoms making up the alkyi 
group are replaced by fluorine atoms, and the like. It is to be noted that 2 functional groups are spaced from the 
substrate. 

[0268) Among the previously described organic molecules, because they do not obstruct the functionality of the 
functional organic thin film and have excellent peel resistance, the organic molecules represented by the general for- 
mulas (12) to (17) below are suitable: 



10 CH3^(CH2)„-SiCl3 (12) 

CF3- (CFg)^- (CH2)„— SiCl3 ( 1 3) 

15 

CH3— (CHg)^— SiHCIg (14) 



CF3~ (CFg)^- (CH2),— SiHCIg ( 1 5) 

20 

CH3™ (CH2)^-Si(- OCH3)3 (1 1 6) 



CH3- (CHg)^- Si(- NCO)3 (17) 

wherein m and n are 0 or a positive integer. 

(2) Method by performing a physical treatment on a portion other than a specified portion of a substrate surface 

[0269] This method Is one In which the removal of active hydrogens exposed on a substrate surface is effected by 
the breaking of covalent bonds. Specifically, a specified portion of the substrate surface Is covered with a mask material 
such as a resist, and the exposed substrate surface is irradiated with ultraviolet light or the like in a vacuum. Thus. 
33 covalenl bonds that bond the active hydrogens to the substrate are broken such that the active hydrogens are removed! 
By then removing the mask material, the specified portion of the substrate surface becomes a region having a high 
density of exposed active hydrogens. 

[0270] The above-described methods of producing a functional organic thin film can be applied to various uses for 
films, supposing the film is fixed to a substrate by covalent bonds, such as contamination-prevention films, liquid crystal 
orientation films, conductive films, and insulating films. Thus, It Is possible to apply these production methods to the 
film fonnation of a conductive organic thin film in the production of the two-terminal organic electronic devices and the 
three-terminal organic electronic devices described earlier. Specifically, the step of preliminarily treating a substrate, 
comprising carrying out the active hydrogen exposure treatment or the active hydrogen removing treatment, is carried 
out before the step of forming a functional organic thin film. 
45 [0271 ] In addition. It is, of course, possible to apply these production methods to the production of active matrix liquid 
crystal display devices or active matrix EL display devices that use three-temninal organic electronic devices obtained 
in this way as switching devices. 

EXAMPLES 

50 

[0272] In the following, the present invention Is described in further detail by reference to representative examples. 
EXAMPLE 1 

55 [0273] First, organic molecules each having an acetylene group (— CsC— ) which through polymerization forms 
conjugated bonds with other acetylene groups to form a conductive network, an azo group (~N=N— ) serving as an 
photolsomerlzable group, and a chlorosilyl group (— SiCI) serving as a functional group which reacts with active hy- 
drogens on a substrate surface were diluted with a dehydrated dimethylsillcone-based organic solvent to 1 mass% to 
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prepare a chemisorptlon solution. Each of the organic nnolecules is represented by the general formula (18) below: 

(CH3)3Si~-C^C— (CH2)6— N=N— (CHgja— SiClg. (18) 

[0274] Next, a mask pattern was formed on a surface of an Insulating substrate (glass substrate) using a photoresist 
such that a portion for forming a monomolecular film was left exposed, and the substrate was immersed in the chem- 
isorptlon solution to bring about selective chemisorptlon in the mask pattern openings. Then, unreacted organic mol- 
ecules remaining on the surface were removed by washing with chlorofomi and the photoresist mask pattern was 
removed. Thus, as is shown in Fig. 7, a monomolecular film 34 comprising the previously described organic molecules 
was formed on the glass substrate 3 1 . It is to be noted that at the time of chemisorption many hydroxy I groups contain ing 
active hydrogens were present on the glass substrate surface in the mask pattern openings. Thus the chlorosilyl groups 
( — SiCI) in the organic molecules underwent a dehydrochlorination reaction to form a monomolecular film made up of 
organic molecules covalently bonded to the substrate surface as shown in the general fonnula (19) below: 

(19) 

O- 

I 

(CH3)3 Si-C=C-(CH2)6 -N=N-(CH2)8 -Si-0- 

I 

0-. 

[0275] Subsequently, the acetylene groups in the monomolecular film were polymerized using a Ziegler-Natta catalyst 
in a toluene solvent, and as shown in Fig. 8, a polyacetylene-based conductive network 35 was fomied. 
[0276] Finally, a nickel thin film was formed on the whole surface by vapor deposition and photolithography and 
etching were carried out to form a first electrode and a second electrode, the gap separating the electrodes being 10 
\im and the length of each electrode being 30 \im. Thus, a two-temriinal organic electronic device provided with a 
monomolecular film (conductive organic thin film) having a conductive network electrically connected to both the first 
electrode and the second electrode was produced (see Fig. 1). 

[0277] As shown in Fig. 9. the electrodes were connected by a polyacetylene-based conductive network 35, and 
thus, when a voltage of several volts was applied between a first electrode 22 and a second electrode 23, several 
nanoamperes of current (approximately 2 nA per 1 V) flowed between the electrodes. More specifically, before the 
device was tested, visible rays were applied to the conductive organic thin film, and thus, the azo groups were in the 
trans configuration. Ultraviolet rays were subsequently applied to the conductive organic thin film, and consequently, 
the azo groups changed from trans configuration to cis configuration and the current value became approximately 0 
A. Finally, when visible rays were applied again, the azo groups changed from cis configuration back to trans config- 
uration, and the original conductivity was recovered. 

[0278] This kind of deterioration in conductivity caused by the Irradiation of ultraviolet rays is thought to occur because 
the polyacetylene-based conjugated bonds are distorted by the photoisomerization of the azo groups (change from 
trans configuration to cis configuralion) resuUing in deterioration in the conductivity of the conductive network 35. 
[0279] Thus, in the two-terminal organic electronic device of Example 1 , by applying two types of light having differing 
wavelengths, the conductivity of the conductive network 35 was controlled and the switching of current flowing between 
the first electrode 22 and the second electrode 23 was achieved. 

Supplementary Remarks 

[0280] When a polyacetylene-based conjugated system is used as the conductive network, the degree of polymer- 
ization is low and resistance Increases. In other words, the ON current is low, but in this case, a dopant having functional 
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groups with charge mobility (for example, a halogen gas or a Lewis acid as the acceptor molecules and an alkali metal 
or a ammonium salt as the donor molecules) is dispersed in the conductive network. As a result of the doping the ON 
current increases. For example, in the case of a monomolecular film doped with iodine, when a voltage of i V was 
applied between the first electrode and the second electrode, a current of 0.2 mA flowed between the electrodes 
[0281] In this case, it is possible to fomi a monomolecular film on the conductive substrate surface with an insulatinq 
thin film disposed therebetween when the substrate is a metal or the like conductive substrate. With a structure such 
m,o^ ° substrate itself is not charged, and thus stable operation of the organic electronic device is improved 
[0282] When a greater ON current is required, it is possible to shorten the distance between the first electrode and 
the second electrode or to increase the widths of the electrodes. When an even greater ON current is required it is 
possible to build up the monomolecular film or to form a coating film having a conductive network between the first 
electrode and the second electrode. 

[0283] In Example 1 . a catalytic-polymerization method was employed, but an electrolytic-polymerization method or 
a polymenzation method wherein an energy beam such as a light, an electron beam, X-rays, or the like is applied may 
be used to similarly fomi a conductive network. 

[0284] For the conductive network, in addition to a polyacetylene-based conjugated system, a polydiacetylene- 
based, a polyacene-based, a polypyrrole-based. or a polythiophene-based conjugated system may be used Thus in 
the carrying out of the catalytic polymerization, the polymerizable group, in addition to the acetylene group used in the 
example, may be a pyrrolyl group, thienyl group, diacetylene group, or the like. 

[0285] In the fabrication of a monomolecular film or a monomolecular built-up film, In addition to chemisorption the 
Langmuir-Blodgett technique may be applied. 

[0286] If the step of fonrtiing a first and a second electrode is carried out before the step of forming a conductive 
network in which molecules making up the organic thin film are polymerized, the first and the second electrodes may 
be used for electrolytic polymerization in the fabrication of the conductive network. In other words a voltage may be 
applied between the first and second electrode of the organic thin film comprising an organic molecular group com- 
pnsirig organic molecules each having a pyrrolyl group or a thienyl group as the electrolytically polymerizable group 
to selectively electrolytically polymerize the organic thin film between the first and the second electrodes 
[0287] After forming the monomolecular film comprising an organic molecular group comprising organic molecules 
each having a pyrrolyl group or a thienyl group, the first electrode, and the second electrode on the substrate a coating 
nm may be fomied on the surface of the monomolecular film at the same time conductive networks are formed in both 
the^monomolecular film and the coating film. This may be achieved by immersing the substrate with the film and elec- 
trodes formed thereon in an organic solvent in which a substance having pyrrolyl groups or thienyl groups has been 
dissolved, applying a first voltage between the first electrode and the second electrode, and applying a second voltage 
between the first electrode or the second electrode and an external electrode contacted with the organic solvent and 
disposed above the monomolecularfilm. In this case, the organic electronic device is provided with a conductive organic 
ne'twrk""'"^"^'"^ ^ rnonomolecular film portion and a polymerfilm type coating film portion each having a conductive 

[0288] Alternatively, after fomriing on a the substrate, the monomolecular film comprising an organic rnolecular group 
comprising organic molecules each having a pyrrolyl group or a thienyl group, the first electrode and the second 
electrode and forming a conductive network having a first structure in the monomolecularfilm, a coating film may be 
fonrned on the surface of the monomolecular film having a polypyrrole-based or polythiophene-based conductive net- 
work at the same time a conductive network having a polypyrrole-based or polythiophene-based second structure is 
fomried in the coating film. This may be achieved by immersing the substrate in an organic solvent with a substance 
having pyrrolyl groups or thienyl groups dissolved therein, applying a first voltage between the first electrode and the 
second electrode, and applying a second voltage between the first electrode or the second electrode and an external 
electrode contacted with the organic solvent disposed above the monomolecularfilm. In this case, the organic electronic 
device is provided with a conductive organic thin film comprising a monomolecularfilm portion and a polymer film-like 
coaling film portion each having conductive networks. 

[0289] A monomolecular film or a monomolecular built-up film, the films comprising an organic molecular group 
comprising organic molecules each having an acetylene group or a diacetylene group, the acetylene or diacetylene 
group being a functional group which serves as the polymerizable group that polymerizes when irradiated with an 
energy beam, may be irradiated with ultraviolet rays, far-ultraviolet rays, electron rays. X-rays or the like to polymerize 
molecules in the molecular film or the molecular built-up film and form a conductive network. 
[0290] It is to be noted that while in Example 1 the organic molecule represented by the general formula (1 8) was 
used, organic molecules represented by the general formulas (2) to (5) may also be suitably used. 

EXAMPLE 2 

[0291] First, organic molecules each having a pyrrolyl group (C4H4N-) which forms a conductive network with other 
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pyrrolyl groups by electrolytic polymeri7ation, an oxycarbonyl group (-0C0-) serving as a polari7able group, and a 
chlorosilyl group (SiCI) serving as a functional group which reacts with active hydrogens on the surface of a substrate 
were diluted with a dehydrated dimethylsilicone-based organic solvent to 1 niass% to prepare a chemisorption solution. 
Each of the organic molecules is represented by the general formula (20) below: 

C4H4N-(CH2)8-OCO-(CH2)6-SICl3. (20) 

[0292] Next, as is shown In Fig. 1 0, an aluminum (Al) film was vapor deposited on the surface of an insulating film- 
covered substrate (an insulating polyimide substrate may be used) that is a first insulating film (silica film or the like) 
38 is formed on the surface of a conductive metal substrate 31 . Photolithography and etching were carried out to form 
a third electrode 37 having a length of 15 jjm and a width of 40 |im. Then, the third electrode 37 was electrolytically 
oxidized to form an Insulating alumina (ALgOg) film 39. 

[0293] Next, a mask pattern was formed on the surface of the substrate having the third electrode formed thereon 
using a photoresist such that a portion for forming a monomolecular film was left exposed, and the substrate was 
immersed in the chemisorption solution to bring about selective chemisorption in the mask pattern openings. Then, 
unreacted organic molecules remaining on the surface were removed by washing with chloroform and the photoresist 
mask pattern was removed. Thus, as is shown in Fig. 1 1 , a monomolecular film 34 comprising the previously described 
organic molecules was formed on the substrate having the third electrode 37 formed thereon. It is to be noted that at 
the time of chemisorption many hydroxyl groups containing active hydrogens were present on the silica film 38 or the 
AI2O3 film 39. Thus the chlorosilyl groups (-SICI) in the organic molecules underwent a dehydrochlorlnation reaction 
to form a monomolecular film made up of organic molecules covalently bonded to the surface of the silica film or the 
like as is shown in the general formula (21 ) below: 

(21) 

O- 
I 

C4H4N-{CH2)8-OCO-(CH2)6-Si-0- 

I 

[0294] Next, a nickel thin film was formed on the whole surface by vapor deposition, and photolithography and etching 
were carried out to form a first electrode and a second electrode with the third electrode sandwiched therebetween, 
the gap separating the first and second electrodes being 10 p.m and the length of each electrode being 30 jim. Then, 
the substrate with the electrodes fomned thereon was immersed in an acetonitrile solution and an electric field of ap- 
proximately 5 V/cm was applied between the first electrode and the second electrode to fomri a conductive network by 
electrolytic polymerization so that the first electrode and the second electrode were connected. During this process, 
because conjugated bonds fomri along the direction of the electric field in a self-organized manner, the first electrode 
and the second electrode become electrically connected by the conductive network 35 as long as the polymerization 
is completed. 

[0295] Next, the surface of the conductive organic thin film was doped with BF- ions, and the third electrode was 
accessed from the substrate side. Thus, a three-terminal organic electronic device provided with a first electrode, a 
second electrode, a conductive organic thin film electrically connecting these two electrodes, and a third electrode was 
produced. 

[0296] In this three-terminal organic electronic device, because a first electrode 22 and a second electrode 23 are 
connected by a polypyrrole-based conductive network 35 as shown in Fig. 12, approximately 0.5 A of current flowed 
between the electrodes when 1 V of voltage was applied between the first electrode 22 and the second electrode 23. 
[0297] While 1 V of voltage was applied between the first electrode 22 and the second electrode 23, a voltage of 5 
V was applied between the first electrode 22 and the third electrode 37 and the current value between the first electrode 
22 and the second electrode 23 became approximately 0 A. When the voltage of 5 V between the first electrode 22 
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and the third electrode 37 was decreased to 0 V, the original conductivity was recovered. 

[0298] This kind of deterioration in conductivity is thought to occur because the polarization of the oxycarbonyl groups 
(— OCO — ), which serve as polar groups, increases when 5 V of voltage are applied between the third electrode 37 
and the first electrode 22. and consequently, the polypyrrole-based conjugated system is distorted, resulting in dete- 
rioration in the conductivity of the conductive network 35. 

[0299] Thus, by the applying of a voltage between the first electrode 22 and the third electrode 37. the conductivity 
of the conductive network is controlled and the switching of current passing through the first electrode 22 and the 
second electrode 23 is achieved. 

[0300] In the above, by using a polarizable oxycarbonyl group for the polar group, switching can be carried out at a 
very high speed. 

Supplementary Remarks 

[0301] In addition to molecules having an oxycarbonyl functional group, molecules having a functional group such 
as a carbonyl group may be used. 

[0302] For the conductive network, a polyacetylene-based. polydiacetylene-based, polyacene-based, polypyrrole- 
based, or a polythiophene-based conjugated system may be used to achieve a high conductivity 
[0303] For the polymerizable group that forms conjugated bonds with other polymerlzable groups to form the con- 
ductive network, in addition lo a pyrroiyi group, which is an eleclrolytically polymerizable group, a ihienyl group 
(C4H3S — ) may be used. If the method of polymerization were changed, substances having acetylene groups or 
diacetylene groups may be used. 

[0304] In the fabrication of the monomolecular film or the monomolecuiar built-up film, In addition to chemisorption, 
the Langmuir-Blodgett technique may be used. 

[0305] If the step of forming a first electrode and a second electrode is carried out before the step of forming an 
organic thin film, the first electrode and the second electrode may be used for electrolytic polymerization in the fabri- 
cation of the conductive network. In other words, a voltage may be applied between the first electrode and the second 
electrode of the organic thin film comprising an organic molecular group comprising organic molecules each having a 
pyrroiyi group or a thienyl group serving as the electrolytically polymerizable group to selectively, electrolytically po- 
lymerize the organic thin film between the first electrode and the second electrode. 

[0306] After forming on the substrate, the third electrode, the monomolecular film comprising an organic molecular 
group comprising organic molecules each having a pyrroiyi group or a thienyl group, the first electrode, and the second 
electrode, a coating film may be fonried on the surface of the monomolecular film at the same time a polypyrrole-based 
or polythiophene-based conductive network is formed In both the monomolecular film and the coating film. This may 
be achieved by immersing the substrate with the electrodes and film formed thereon in an organic solvent in which a 
substance containing pyrroiyi groups or thienyl groups has been dissolved, applying a first voltage between the first 
electrode and the second electrode, and applying a second voltage between the first electrode or the second electrode 
and an external electrode contacted with the organic solvent and disposed above the monomolecular film. In this case, 
the organic electronic device is provided with a conductive organic thin film comprising a monomolecular film portlori 
and a polymer film-like coating film portion each having a conductive network, 

[0307] Alternatively, after forming on the substrate, the third electrode, the monomolecular film comprising an organic 
molecular group comprising organic molecules each having a pyrroiyi group or a thienyl group, the first electrode, and 
the second electrode on the substrate and forming a conductive network having a polypyrrole-based or polythiophene- 
based first structure in the monomolecular film, a coating film may be fonned on the surface of the monomolecular film 
having a conductive network at the same time a conductive network, having a polypyrrole-based or polythiophene- 
based second stmcture Is formed in the coating film. This may be achieved by immersing the substrate with the film 
and the electrodes formed thereon in an organic solvent in which a substance having pyrroiyi groups or thienyl groups 
has been dissolved therein, applying a first voltage between the first electrode and the second electrode, and applying 
a second voltage between a first electrode or a second voltage and an external electrode contacted with the organic 
solvent and disposed above the monomolecular film. In this case, the organic electronic device is provided with a 
conductive organic thin film comprising a monomolecular film portion and a polymer film coating film portion each 
having conductive networks. 

[0308] In addition to electrolytic polymerization for the formation of the conductive network, the molecules of a mon- 
omolecular film or a monomolecular built-up film each having a pyrroiyi group, a thienyl group, an acetylene group, a 
diacetylene group, or the like, which is a catalytically polymerizable group serving as the pofymerizable group, may be 
catalytically polymerized to form a conductive network. 

[0309] The monomolecular film or the monomolecular built-up film, the films comprising an organic molecular group 
comprising organic molecules each having a group polymerizable by beam irradiation such as an acetylene group, a 
diacetylene group, or the like serving as the polymerlzable group, may be been Irradiated with an energy beam such 
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as ultraviolet rays, far-ultraviolet rays, electron rays, X-rays or the like to polymeri7e the organic molecules and form 
a conductive network. 

[0310] It is to be noted that while In Example 2 the organic molecule represented by the general formula (20) was 
used, organic molecules represented by the general formulas (7) to (10) can also be suitably used. 
[0311] The organic electronic devices described in Examples 1 and 2 may be used in various types of electronic 
apparatuses. Below, cases in which a three-terminal organic electronic device (one like that of Example 2) is used as 
the switching device in a display device are described according to the following Examples. 



EXAMPLE 3 

10 

[031 2] First, a plurality of three-terminal organic electronic devices each produced according to the method described 
in Example 2 and serving as operating switches for liquid crystal were aligned and disposed on an acrylic substrate 
surface to fabricate a TFT array substrate. An orientation film was fabricated on the surface of the TFT array substrate. 
[031 3] Next, a seal adhesive was fonmed in a pattern by screen printing except on the portion for the filling port. The 
'5 seal adhesive was then precured and a color filter substrate was arranged to face the orientation film surface. The 
color filter substrate and the TFT array substrate were then fixed together, pressure was applied, and the adhesive 
was cured. Thus, a liquid crystal cell was fabricated. 

[0314] Finally, the liquid crystal cell was vacuum filled with a specified liquid crystal, and thus a liquid crystal display 
device was produced. 

20 [0315] In this method, because heating of the substrate was not necessary in the production of the TFT array, a 
sufficiently high-definition TFT liquid crystal display device could be produced even though a substrate having a low 
glass transition (Tg) point such as an acrylic substrate was used. 



EXAf^PLE 4 

[031 6] First, a plurality of three-terminal organic electronic devices each produced according to the method described 
in Example 2 and serving as operating switches were aligned and disposed on an acrylic substrate surface to fabricate 
a TFT an-ay substrate. Pixel electrodes connected to the three-terminal organic electric devices were then formed 
according to a known method, a light-emitting layer comprising a fluorescent material that emits light with the application 
of an electric field was formed on the TFT array substrate, and a transparent electrode was formed on the light-emitting 
layer such that it opposed the TFT array substrate. Thus, an EL color display device was produced, 
[0317] When the light-emitting layer was formed, three kinds of devices for emitting red, blue, and green light were 
formed at specified locations to produce an EL color display device. 



35 EXAMPLE 5 

[0318] Example 5 is explained with reference to Figs. 13 to 19. Figs. 13 to 18 schematically illustrate each step of a 
method of producing a two-terminal organic electronic device that uses a substrate on a surface of which active hy- 
drogens are not exposed. Fig. 19 is a schematic cross sectional view illustrating a device that is in the process of 
40 switching. 

[0319] First, as is shown in Fig. 13(a) and (b), an acrylic resin transparent substrate (having a density of exposed 
active hydrogens of approximately zero) 51 was prepared, the acrylic resin transparent substrate being a surface 
insulating substrate not having active hydrogens exposed on a surface. A resist pattern 53 was then fomned by applying 
a photoresist to the surface of the substrate 51 and exposing the photoresist such that apertures 52 (aperture area; 
^5 600 M.m2 per aperture) were arranged so as to be spaced from one another in the vertical and horizontal directions. 
[0320] Next, as Is shown in Fig. 1 4. excimer U V light irradiation (KrF exclmer laser) 54 was carried out on the substrate 

51 under a humidity of 50%, the formation of the resist pattern 53 on the substrate 51 having been completed. As a 
result, the oxygen in the air became ozone, and the surface of the substrate that was exposed through the apertures 

52 was very lightly oxidized. At the same time, this surface also reacted with water in the air to form a region 55 in 
so which numerous hydroxyl groups ( — OH) were exposed on the surface. The resist pattern 53 was then removed. 

[0321] Meanwhile, organic molecules each having an acetylene group ( — C=C — ) which, through polymerization 
forms conjugated bonds with other acetylene groups to form a conductive network, an azo group ( — N=N — ) serving 
as a photoisomerizable group, and a chlorosilyl group ( — SICI) serving as a functional group which reacts with active 
hydrogens on a substrate surface were diluted with a dehydrated dimethylsilicone-based organic solvent to 1 mass% 
55 to prepare a chemisorption solution. Each of the organic molecules is represented by the general formula (22) below: 
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(CHajgSi— C»C— (CH2)8-N=N— (CH2)8— SiClg (22) 

[0322] Next, the substrate 51 having the region 55 formed thereon was immersed in the chemisorption solution 
prepared as descnbed above, a dehydrochlorination reaction was induced with the hydroxy! groups (active hydrogen) 
in the region 55, and the substrate was washed with ethanol. Thus, a monomolecular film 56 was formed on the surface 
of the substrate 51 (See Fig. 15). This monomolecular film 56, as is shown in Fig. 16. is fixed to the surface of the 
substrate 51 by covalent bonds. 

[0323] The acetylene groups in the monomolecular film 56 were then polymerized using a Ziegler-Natta catalyst in 
a freon solvent to form a polyacetylene-based conductive network 57 as is shown in Fig 1 7 

[0324] Finally as is shown in Fig. 1 8, a nickel thin film was vapor deposited on the whole surface of the substrate 
5 1 , and a first electrode 58 and a second electrode 59. the gap between the electrodes being 1 0 ^m and each electrode 
having a length of 30 jim and a thickness t, of 0.1 fim. were formed by photolithography and etching In this way a 
two-tenninal organic electronic device is produced which comprises a first electrode 58, a second electrode 59 and a 
conductive organic thin film 60 electrically connecting both electrodes, the conductive organic thin film 60 having been 
formed to the micron pattern level. 

[0325] When a device obtained in this way was tested by app^ing a voltage of several V between the first electrode 
58 and the second electrode 59. as is shown in Fig. 1 9. several amperes of current (approximately 2 nA per 1 V) flowed 
between the electrodes because the electrodes are connected by a polyacetylene-based conductive network 57 More 
specifically, before the device was tested, visible rays 62 were applied to the conductive organic thin film 60 and thus 
the azo groups were in the trans configuration. Ultraviolet rays 61 were subsequently applied to the conductive organic 
thin mm 60. and consequently, the a20 groups changed Irom Irans configuration lo cis configuration and the current 
value became approximately 0 A. Rnally. when the visible rays 62 were applied again, the azo groups changed from 
CIS configuration back to trans configuration, and the original conductivity was recovered. 

[0326] The phenomenon described above is thought to occur for the following reasons. The decline in conductivity 
IS thought to be due to distortion in the molecular alignment of the conductive organic thin film and the decline in the 
conjugation of the polyacotylene-based conjugated bonds caused by the photoisomerization of the azo groups (change 
from trans configuration to cis configuration). The recovery of the conductivity is thought to be due to the return of the 
azo groups lo trans configuration, recovery from the distortion of molecular alignment in the conductive oraanic thin 
film, and restoration of the original conjugation. 

[0327] Thus, with the two-temninal organic electronic device of Example 5. by applying two types of light having 
diffenng wavelengths, the conjugation of the conjugated bonds in the film was controlled, and the switching of current 
flowing between the electrodes was achieved. In addition, the conductive organic thin film was fomied with hiqh pre- 
cision. " 

Supplementary Remarks 

[0328] In Example 5. organic molecules as represented by the general formula (22) were used, but it is also suitable 
to use organic molecules represented by the general fomiulas (2) to (5). 

[0329] In the fomiation of the conductive network, a catalytic-polymerization method was employed but the present 
device is not limited to this method. It has been confirmed that the conductive network can also be formed by electrolytic- 
polymenzation methods and polymerization methods in which an energy beam of ultraviolet rays, far- ultraviolet ravs 
electron rays, X-rays, or the like is applied. ' 
[0330] For the conductive network, in addition to the polyacetylene-based conjugated system, it has been confirmed 
that polydiacetylene-based, polyacene-based. polypyrrole-based. or polythiophene-based conjugated systems may 
be used. In the case of a catalytic-polymerization method, in addition to the acetylene group as the polymerizable 
group. It has been confirmed that a pyrrolyl group, a thienyl group, or a diacetylene group is suitable. In the case of an 
electrolytic-polymerlzatfon method. It has been confirmed that a pyrrolyl group or a thienyl group is suitable. In the case 
of a polymerization method brought about by energy beam irradiation, it has been confirmed that an acetylene group 
or a diacetylene group is suitable. 

[0331] In Example 5, a polyacetylene-based conjugated system was used for the conductive network. However, 
because electric resistance tends to increase when the degree of polymerization of the acetylene groups is low it is 
possible to use a dopant having functional groups with charge mobility (for example, a halogen gas or a Lewis acid as 
the acceptor molecules and an alkali metal or a ammonium salt as the donor molecules) in order to increase the ON 
current. In the case in which the conductive organic thin film is doped with iodine, it has been confirmed that 0.2 mA 
of current flow when IV of voltage is applied. 

[0332] When a greater ON current is required in the device construction of Example 5. it is preferable to shorten the 
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distance between the electrodes or to increase the widths of the electrodes. When an even greater ON current is 
required, It Is preferable to build up the monomolecular film so that the conductive organic thin film is in the form of a 
monomolecular built-up film, 

[0333] tn the fabrication of either a monomolecular film or a monomolecular built-up film, it has been confirmed that, 
5 in addition to a chemisorption method, the Langmuir Blodgett method may be employed. 

[0334] In cases in which the first electrode and the second electrode are formed before the conductive network, it is 
possible to use both electrodes for an electrolytic polymerization method In the formation of the conductive network. 
When the organic molecules used for the formation of the conductive organic thin film have a pyrrolyl group or a thienyl 
group for the electrolytically polymerizable group, It has been confinmed that the electrolytically polymerizable group 
10 polymerizes with other electrolytically polymerizable groups to form the conductive network when a voltage Is applied 
between the electrodes, the voltage being applied after a monomolecular film or a monomolecular built-up film com- 
prising these molecules is formed and the first electrode and second electrode are formed. 

[0335] It Is possible to use the first electrode, the second electrode, and an external electrode to forni the conductive 
organic thin film in the form of a monomolecular built-up film. In this case, a monomolecular film having pyrrolyl groups 

15 or thienyl groups, the first electrode, and the second electrode are formed on the substrate, and the substrate having 
the monomolecularfllm and the electrodes formed thereon is Immersed In an organic solvent in which organic molecules 
having pyrrolyl groups or thienyl groups and photolsomerizable groups are dissolved. A first voltage is then applied 
between the first electrode and the second electrode, and a second voltage between the first electrode or the second 
electrode and an external electrode contacted with the organic solvent and disposed above the monomolecular film. 

20 By this method, it has been confirmed that a coating film is formed on the monomolecularfllm, and a conductive network 
is fonned in both the monomolecular film and the coating film. Thus, this device has a conductive network having a 
multilevel construction. 

[0336] It is also possible to fonn the first electrode, the second electrode, and a monomolecular film comprising an 
organic molecular group comprising organic molecules each having a pyrrolyl group or a thienyl group on the substrate 

25 and to induce the pyrrolyl groups or the thienyl groups in the monomolecular film to undergo a polymerization reaction 
to form a conductive organic thin film in the fonm of a monomolecular layer. The substrate having the conductive organic 
thin film and the electrodes formed thereon is then immersed in an organic solvent in which organic molecules having 
pyrrolyl groups or thienyl groups and photolsomerizable groups are dissolved. A first voltage is applied between the 
first electrode and the second electrode, and a second voltage between the first electrode orthe second electrode and 

30 an external electrode contacted with the organic solvent and disposed above the conductive organic thin film in the 
form of a monomolecular layer. By this method, it has been confirmed that a coating film Is fonned on the conductive 
organic thin film In the form of a monomolecular layer and a conductive network is formed in the coating film. Thus, 
this device has a conductive network having a multilevel constmction. 

35 EXAMPLE 6 

[0337] Example 6 is explained with reference to Figs. 20 to 24. Figs. 20 to 23 schematically illustrate each step of a 
method of producing a three-terminal organic electronic device that uses a substrate on a surface of which active 
hydrogens are not exposed. Fig. 24 schematically illustrates switching of this device by use of an electric field. 

40 [0338] First, as is shown If Fig. 20, an acrylic resin transparent substrate (having a density of exposed active hydro- 
gens of approximately zero) 65 was prepared, the acrylic resin transparent substrate being a surface insulating sub- 
strate not having active hydrogens exposed on a surface. Aluminum (Al) was then vapor deposited on this substrate 
surface, and using photolithography, a third electrode 66 made of A1 and having a length of 15 fim. a width of 40 fxm, 
and a thickness of 0.05 p.m was formed by etching. 

^5 [0339] Next, as Is shown In Fig. 21 and in the same manner as Example 5, a resist panern 67 was formed and 
exclmer UV irradiation (KrF excimer laser) 68 was carried out on the substrate 65 on which the fomnation of the resist 
pattern 67 had been completed. As a result, the oxygen in the air became ozone, and an oxide coaling film 69 and an 
alumina film 70 were formed on the surface of the substrate that was exposed through the apertures of the pattern 67 
and the surface of the third electrode, respectively. At the same time, the oxide coating film 69 and the alumina film 70 

50 also reacted with water in the air to form a region in which numerous hydroxyl groups ( — OH) were exposed on the 
surface. The resist pattern 67 was then removed. 

[0340] Meanwhile, organic molecules each having a pyrrolyl group (C4H4N — ) which, through polymerization forms 
conjugated bonds with other pyrrolyl groups to fonn a conductive network, an oxycarbonyl group ( — OCO — ) serving 
as a polar group, and a chlorosilyl group ( — SICI) serving as a functional group which reacts with active hydrogens on 
55 a substrate surface were diluted with a dehydrated dimethylsllicone-based organic solvent to 1 mass% to prepared a 
chemisorption solution. Each of the organic molecules is represented by the general formula (23) below: 
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C4 (CH2)e— OCO— (CH2)6— SiCl3 (23) 

[0341] Next, the substrate 65 having the oxide coating film 69 and the alumina film 70 formed thereon was immersed 
in the chemisorption solution prepared as described above, a dehydrochlorination reaction was induced with the hy- 
droxy! groups (active hydrogen) in the films 69 and 70. and the substrate was washed with ethanol. Thus, a monomo- 
lecular film 71 was formed such that it was fixed to the surface of the substrate by covalent bonds (See Fig. 22). 
[0342] Next, as is shown in Fig. 23, a nickel thin film was vapor deposited on the whole surface of the substrate 65, 
and a first electrode 72 and a second electrode 73, the gap between the electrodes being 10 ^im and each electrode 
having a length of 30 ^im and a thickness ti of 0.1 pm. were formed by photolithography and etching. An electric field 
of approximately 5 V/cm was then applied between the first electrode and the second electrode in acetonitrile, and a 
conductive network electrically connecting the first electrode and the second electrode was formed by electrolytic 
polymerization. During this process, because conjugated bonds form along the direction of the electric field in a self- 
organized manner, the first electrode and the second electrode are electrically connected by a conductive network as 
long as the polymerization is completed. 

[0343] Finally, the surface of the conductive organic thin film was doped with BF- ions, and the third electrode was 
accessed from the substrate side. Thus, a three-terminal organic electronic device provided with a first electrode, a 
second electrode, a conductive organic thin film having been formed to the micron pattern level and electrically con- 
necting these two electrodes, and a third electrode was produced 

[0344] When a device obtained in this way was tested by applying 1 V of voltage between the first electrode 72 and 
the second electrode 73, as is shown in Fig. 24 , approximately 0.5 mA of current flowed between the electrodes because 
the electrodes are connected by a polypyn^ole-based conductive network 74 and the conductive organic thin film is 
doped with BF* ions. When a voltage of 5 V was subsequently applied between the first electrode 72 and the third 
electrode 66, the current between the first electrode 72 and the second electrode 73 became approximately zero 
amperes. When, the applied voltage of 5 V was changed back to 0 V. the original conductivity was recovered. 
[0345] The phenomenon described above is thought to occur for the following reasons. The decline in conductivity 
is thought to be due to distortion in the molecular alignment of the conductive organic thin film and the decline in the 
conjugation of the polypyrrole-based conjugated bonds caused by the progressing of polarization of the oxycarbonyl 
groups (—OCO—) that are polar groups when a voltage Is applied between the third electrode and the first electrode. 
The recovery of conductivity is thought to be due to the return to a normal stated of polarization, recovery from the 
distortion of molecular alignment in the conductive organic thin film and restoration of the original conjugation. 
[0346] Thus, in the three-terminal organic electronic device of Example 6. by applying voltage between the third 
electrode and the first electrode, the conjugation of the conjugated bonds in the film was controlled, and the switching 
of current flowing between the electrodes was achieved. In addition, the conductive organic thin film was formed with 
high precision. 

Supplementary Remarks 
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[0347] In Example 6, organic molecules as represented by the general fomiula (23) were used, but it is also suitable 
to use organic molecules represented by the general formulas (7) to (10). 

[0348] In the formation of a conductive network, an electrolytic-polymerization method was employed, but the present 
device, is not limited to this method. It has been confirmed that the conductive network can also be formed by catalytic- 
polymerization methods and polymerization methods in which an energy beam of light, electron rays, X-rays, or the 
like is applied. 

[0349] For the conductive network, in addition to the polypyrrole-based conjugated system, it has been confirmed 

thatpolyacetylene-based.polydlacetylene-based.polyacene-based, or polythiophene-based conjugated systems may 
be used, and supposing these conjugated systems are used, the conductivity increases. In the case of an electrolytic- 
polymerization method. In addition to a pyrrolyl group as the polymerizable group, it has been confirmed that a thienyl 
group is suitable. In the case of a catalytic-polymerization method, in addition to a pyrrolyl group or a thienyl group, il 
has been confirmed that an acetylene group or diacetylene group is suitable. In the case of a polymerization method 
brought about by energy beam irradiation, it has been confirmed that an acetylene group or a diacetylene group is 
suitable. 

[0350] In Example 6, the substance used for the doping was BF- ions, but it is possible to use other substances for 
the dopant. In addition, in cases in which it is not a problem that the ON current be small, there are no disadvantages 
in not using a dopant. It has been confirmed that in cases in which the conductive organic thin film was not doped with 
BF- ions, about 50 nA of current flowed between the electrodes when the applied voltage was 1 V. 
[0351] When a greater ON current is required in the device construction of Example 6. It is suitable to shorten the 
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distance between the electrodes, to increase the widths of the electrodes, or to build up the mononnolecular filnn so 
that the conductive organic thin film is in the form of a monomolecular built-up film. 

[0352] In the fabrication of either a monomolecular film or a monomolecular build-up film, it has been confirmed that, 
in addition to a chemlsorptlon method, the Langmuir-Blodgett method may be employed. 

5 [0353] It is possible to use the first electrode, the second electrode, and an external electrode to form a conductive 
organic thin film in the fonn of a monomolecular built-up film. In this case, the third electrode, a monomolecular film 
having pyrrolyl groups or thienyl groups, the first electrode and the second electrode are fonned on the substrate, and 
the substrate having the electrodes and the film formed thereon is immersed in an organic solvent In which organic 
molecules having pyrrolyl groups or thienyl groups and polar groups are dissolved. A first voltage is then applied 

10 between the first electrode and the second electrode, and a second voltage between the first electrode or the second 
electrode and an external electrode contacted with the organic solvent and disposed above the monomolecular film. 
By this method, it has been confimned that a coating film is formed on the monomolecular film, and a conductive network 
is formed in both the monomolecular film and the coating film. Thus, this device has a conductive network having a 
multilevel construction. 

15 [0354] It is also possible to fomn the third electrode, a monomolecular film comprising an organic molecular group 
comprising organic molecules each having a pyrrolyl group or a thienyl group, the first electrode, and the second 
electrode on the substrate, and to Induce the pyrrolyl groups or thienyl groups in the monomolecular film to undergo 
a polymerization reaction to form a conductive organic thin film in the fonn of a monomolecular layer. The substrate 
having the conductive organic thin film and Ihe electrodes formed thereon is then immersed in an organic solvenl in 
20 which organic molecules having pyrrolyl groups or thienyl groups and polar groups are dissolved. A first voltage is 
applied between the first electrode and the second electrode, and a second voltage between the first electrode or the 
second voltage and an external electrode contacted with the organic solvent and disposed above the conductive organic 
thin film in the form of a monomolecular layer. By this method, it has been confimned that a coating film is formed on 
the conductive organic thin film in the form of a monomolecular layer and a conductive network is formed In the coating 
film. Thus, this device has a conductive network having a multilevel construction. 

Additional Supplementary Remarks for Examples 5 and 6 

[0355] In Examples 5 and 6 an acrylic resin transparent substrate was used for the surface insulating substrate not 
having active hydrogens exposed on a surface, but the substrate is not limited to this. For example, a single layer 
substrate comprising a synthetic resin such polycarbonate resin, polyethersulfone resin, or the like, a layered substrate 
that is a synthetic resin coating film formed on a surface of a metal substrate, or the like may be used. It has been 
confirmed that when a layered film that is an insulating film not having active hydrogens exposed on a surface formed 
on a surface of a conductive substrate such as a metal substrate, the substrate itself is not charged, and thus, stable 
operation of the device is improved. 

[0356] In addition, in Examples 5 and 6, excimer UV light irradiation was employed for the active hydrogen exposure 
treatment, but the treatment is not limited to this. It has been confirmed that it is possible to use ultraviolet irradiation, 
plasma treatment, or corona treatment. In other words, it has been confimned that the active hydrogen exposure treat- 
ment can be carried out with conventional excimer UV irradiation, UV ozone treatment, plasma oxidation, and corona 

treatment apparatuses. 

[0357] In both Examples 5 and 6, the monomolecular film was formed after the resist pattern was removed, but it 
has been confirmed that film forming may be carried out before the resist pattern is removed. 
[0358] In the step of fomning a film described above, it has been confimned that by using a chemlsorptlon solution 
wherein a silane-based chemisorbable substance is dissolved in a nonaqueous organic solvent, film forming can be 
carried out efficiently and also cleanly. By washing the acrylic resin transparent substrate with a non-damaging non- 
aqueous organic solvent. It has been confimned that the film forming can be carried out even more cleanly 

EXAMPLE 7 

[0359] Example 7 is explained with reference to Figs. 25 to 27. Fig. 25 schematically Illustrates each step of a method 
of producing a two-terminal organic electronic device that uses a substrate on a surface of which active hydrogens are 
exposed. 

[0360] First, as is shown in Fig. 25(a), a transparent glass substrate 80. was prepared, the transparent glass substrate 
80 being a surface insulating substrate on a surface of which active hydrogens are exposed. A photoresist was then 
applied to the surface of the substrate 80 and the photoresist was exposed to form a resist pattern 81 wherein resist 
portions are arranged so as to be spaced from one another in the vertical and horizontal directions. 
[0361] Next, as is shown in Fig. 25 (b), the substrate 80 on which pattern 81 had been formed was immersed In a 
chemisorption solution to remove exposed active hydrogens from the surface of the substrate, the chemisorption so- 
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lution being such that methyltrlchlorosilane (CHaSiCIa), a chemisorbable substance for active hydrogen removal was 
dissolved in a dehydrated dimethylsilicone-based organic solvent. The surface was then washed with ethanol and a 
monomolecular film 82 comprising methyltrichlorosilane was formed. By subsequently removing the resist pattern 81 
a substrate was fabricated wherein specified portions of the surface of the substrate made up a region 83 in which 
5 numerous hydroxy! groups were exposed. The density of exposed active hydrogens on the surface of the monomo- 
lecular film 82 was substantially zero, 

[0362] Using the substrate fabricated in the manner described above, in Ihe same manner as Example 5 a mono- 
molecular film 84 compnsing organic molecules as represented by the general formula (22) was formed (see Fig 26) 
and a first electrode 85 and a second electrode 86 were formed (see Fig. 27). The polymerizable groups in the mon- 

10 omolecular film 84 were then polymerized to fomi a conductive organic thin film having a conductive network so that 
the electrodes were electrically connected. Thus, a two-terminal organic electronic device was produced 
[0363] When a device obtained in this way was tested by applying a voltage of several V between the fiist electrode 
and the second electrode in the same manner as Example 1 , several nanoamperes of current (approximately 2 nA per 
1 V) flowed between the electrodes (see Fig. 1 9). More specifically, before the device was tested, visible rays 62 were 

'5 applied to the conductive organic thin film, and thus, the azo groups were in the trans configuration. Ultraviolet rays 

61 were subsequently applied to the conductive organic thin film, and consequently, the azo groups changed from 
trans configuration to cis configuration and the current value became approximately 0 A. Finally, when the visible rays 

62 were applied again, the azo groups changed from cIs configuration back to trans configuration, and the original 
conductivity was recovered. 

20 [0364] Thus, with the two-tennlnal organic electronic device of Example 7. by applying two types of light having 
differing wavelengths, the conjugation of the conjugated bonds in the film was controlled, and the switching of currenl 
flowing between the electrodes was achieved. In addition, the conductive organic thin film was formed with high ore- 
cision. " 

25 EXAMPLE 8 

[0365] Example 4 is described with reference to Figs. 28 to 31 . Figs. 28 to 31 schematically illustrate each step of 
a method of producing a three-temiinal organic electronic device that uses a substrate on a surface of which active 
hydrogens are exposed 

30 [0366] First, as is shown in Fig. 28. a transparent glass substrate 91 was prepared, the transparent glass substrate 
91 being a surface insulating substrate on a surface of which active hydrogens are exposed. Aluminum (Al) was then 
vapor deposited on this substrate surface, and using photolithography, a third electrode 92 made of A1 and having a 
length of 1 5 ^m. a width of 40 jim. and a thickness of 0.05 ^m was formed by etching. The third electrode 92 was then 
put aside in air for some time such that a surface of the third electrode 92 was naturally oxidized 

35 [0367] Next, as is shown in Fig. 29(a), a resist was applied to the surface of the substrate 91 so that all of the third 
electrode 92 was covered, and the resist was exposed to form a resist pattern 93 wherein resist portions are arranged 
so as to be spaced from one another in the vertical and horizontal directions 

[0368] Next, as is shown in Fig. 29(b), the substrate 91 on whfch the pattem 93 had been fomied was immersed in 
a chemisotption solution to remove exposed active hydrogens from the surface of the substrate, the chemlsorption 
solution being such that methyltrichlorosilane (CHaSiClg). a chemisorbable substance for active hydrogen removal 
was dissolved in a dehydrated dimethylsilicone-based organic solvent. The surface was then washed with ethanol' 
and a monomolecular film 94 comprising methyltrichlorosilane was formed. Bysubsequently removing the resist pattern 
93. a substrate was fabricated wherein specified portions of the suttace of the substrate made up a region 95 In which 
numerous hydroxyl groups were exposed. It is to be noted that a natural oxide film was formed on the surface of the 
third electrode 92 and the active hydrogens were in an exposed state. In addition, the density of exposed active hy- 
drogens on the surface of the monomolecular film 94 was substantially zero. 

[0369] Using this substrate, in the same manner as Example 6, a monomolecular film 96 comprising organic mole- 
cules as represented by the general formula (23) was formed (see Fig. 30). and a first electrode 97 and a second 
electrode 98 were fomied (see Fig. 31 ). The polymerizable groups in the monomolecular film 96 were then polymerized 
to form a conductive organic thin film having a conductive network and this surface was doped with BF- so that the 
electrodes were electrically connected. Thus, a three-terminal organic electronic device was produced 
[0370] When a device obtained in this way was tested by applying a voltage of 1 V between the first electrode and 
the second electrode in the same manner as Example 6, a cunrent of approximately 0.5 mA flowed between the elec- 
trodes because the electrodes were connected by a polypyrrole-based conductive network and the conductive organic 
thin filnn was doped with BP ions (see Fig. 24). When a voltage of 5 V was subsequently applied between the first 
electrode and the third electrode, the current between the first electrode and the second electrode became approxi- 
mately zero amperes. When, the applied voltage of 5 V was changed back to 0 V. the original conductivity was recov- 
ered. ' 
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[0371] Thus, with the three-terminal organic electronic device of Example 8, by applying a voltage to the third elec- 
trode, the conjugation of the conjugated bonds in the film was controlled, and the switching of current flowing between 
the first electrode and the second electrode was achieved. In addition, the conductive organic thin film was formed 
with high precision. 

Supplementary Remarks for Examples 7 and 8 

[0372] In Examples 7 and 8, a transparent glass substrate was used for the surface insulating substrate on a surface 
of which active hydrogens were exposed, but the substrate Is not limited to this. It Is possible to use a single layer 
substrate that Is insulating and has an oxidized surface, a layered substrate that is an insulating film having an oxidized 
surface formed on a surface of an arbitrary substrate, or the like. When using a layered substrate that is an insulating 
film having active hydrogens on a surface thereof formed on a conductive substrate such as a metal substrate, because 
the substrate itself is not charged, stable operation of the device is improved. 

[0373] In Examples 7 and 8, a method using methyltrichlorosilane was employed as the active hydrogen removing 
treatment, but even if other chemlsorbable substances (for example, the organic molecules represented by the general 
formulas (12) to (17)) are used, the active hydrogens can be removed. 

[0374] Because the devices of Examples 7 and 8 are essentially the same as those of Examples 5 and 6, respectively, 
except for the use of a different substrate, almost the same can be said about other matters such as the use of a 

dopant. Thus, explanation has been omitted. 

[0375] The organic electronic devices described in Examples 5 to 8 may be used in various types of electronic 
apparatuses. Below, cases in which three-tenminal organic electronic devices (those of Example 6 and 8) are used as 
the switching devices in display devices are described according to the following Examples. 

EXAMPLE 9 

[0376] First, a plurality of organic electronic devices each produced according to the method described in Example 
6 and serving as the operating switches for liquid crystal were aligned and disposed on an acrylic substrate surface 
and an orientation film was formed thereon to fabricate a TFT array substrate. Meanwhile, by a known method, a 
plurality of color elements were aligned and disposed on a substrate surface in a matrix and an orientation film was 
fabricated thereon to form a color filter substrate. Next, screen printing was used to form seal adhesive in a pattern on 
the orientation film surface of the TFT array substrate, leaving aside the portion for the liquid crystal filling port. The 
sea! adhesive was then precured, the TFT array substrate was arranged to face the orientation film surface of the color 
filter substrate, the substrates were fixed together, pressure was applied, and the adhesive was cured. Thus, a liquid 
crystal cell was fabricated. Finally, the liquid crystal cell was vacuum filled with a specified liquid crystal, and thus a 
liquid crystal display device was produced. 

[0377] In the production of the TFT array substrate of the liquid crystal display device obtained in the manner de- 
scribed above, heating of the substrate was not necessary, and therefore, a sufficiently high-definition TFT liquid crystal 
display device could be produced even though a substrate having a low glass transition (Tg) such as an acrylic substrate 
was used. 

[0378] It Is to be noted that a liquid crystal display device like that of Example 9 could be produced when using the 
three-terminal organic electronic devices produced by the same method as Example 8. 

EXAMPLE 10 

[0379] First, a plurality of three-terminal organic electronic devices each produced according to the method described 
In Example 6 and serving as operating switches were aligned and disposed on an aery lie substrate surface to fabricate 
a TFT array substrate. Pixel electrodes connected to the three-terminal organic electric devices were then formed 
according to a known method, a light-emitting layer comprising a fluorescent material that emits light with the application 
of an electric field was formed on the TFT array substrate, and a transparent electrode was formed on the light-emitting 
layer such that it opposed the TFT array substrate. Thus, an EL color display device was produced. 
[0380] When the light-emitting layer was formed, three kinds of devices for emitting red, blue, and green light were 
formed at specified locations to produce an EL color display device. 

[0381] It is to be noted that an EL display device like that of Example 10 could be produced when using the three- 
terminal organic electronic devices produced by the same method as Example 8. 

[0382] By employing the organic electronic devices of the present invention, response is improved because of the 
inclusion of light-responsive groups or polar groups in the conductive organic thin film. Using these kinds of three- 
terminal organic electronic devices, an organic TFT Is provided that brings about switching at a very high speed In 
comparison with conventional TFT's. Liquid crystal display devices and EL display devices using these devices as 
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display device operation switches are also provided. Furthermore, because in the formation of the array substrate by 
arranging and disposing these kinds of three-terminal organic electronic devices on a substrate surface, a step of 
treating a substrate at a high temperature is not included, a display device is provided that uses substrates excellent 
in terms of flexibility such as plastic substrates. 

[0383] By employing a method of producing an organic electronic thin film according to the present invention, a high- 
precision functional organic thin film is provided because the film is formed after specified portions of a substrate surface 
are made into a region having a high density of exposed active hydrogens. By applying this production method, an 
organic electronic device that answers recent demands for high integration is provided, as well as, liquid crystal display 
devices and EL display devices using this organic electronic device. Furthermore, in this kind of method of producing 
an organic electronic device, a step, like that used In the production of inorganic electronic devices, in which treatment 
is carried out at a high temperature is not necessary, and thus, a liquid crystal display device is provided that uses 
substrates such as resin substrates that are excellent in terms of flexibility. 



15 Claims 

1. A two-terminal organic electronic device formed on a substrate, the device comprising: 

a first electrode; 

^° a second electrode spaced from the first electrode; and 

a conductive organic thin film electrically connecting the first electrode and the second electrode; 

wherein the conductive organic thin film comprises an organic molecular group comprising organic molecules 
each having a light-responsive group and has a conductive network in which the organic molecules making up the 
25 organic molecular group are bonded to one another by conjugated bonds. 

2. A two-temninal organic electronic device according to claim 1 , wherein the conductive organic thin film is a mon- 
omolecular film or a monomolecular built-up film, the monomolecular film and the monomolecular built-up film 
being fixed to the substrate. 

30 

3. A two-terminal organic electronic device according to claim 1 , wherein the conductivity of the conductive network 
...changes according to the amount of light with which the conductive organic thin film is Irradiated. 

4. A two-terminal organic electronic device according to claim 3, wherein the conductivity of the conductive network 
35 is shifted to a first conductivity or a second conductivity by irradiation of the conductive organic thin film with a first 

light or a second light, respectively, and is maintained at the first conductivity or the second conductivity, respec- 
tively, after irradiation is terminated, the first light and the second light having different wavelengths. 

5. A two-terminal organic electronic device according to claim 1 . wherein the light-responsive group is a photolsomer- 
40 Izable group. 



6. A two-terminal organic electronic device according to claim 5. wherein the photoisomerizable group is an azo group. 

7. A two-temiinat organic electronic device according to claim 1 , wherein the conductive network comprises at least 
one conjugated system selected from the group consisting of a polyacetylene-based. a polydiacetylene-based, a 
polypyrrole-based, a polylhiophene-based, and a polyacene-based conjugated system. 

8. A three-terminal organic electronic device formed on a substrate, the device comprising: 

a first electrode; 

a second electrode spaced from the first electrode; 

a conductive organic thin film electrically connecting the first electrode and the second electrode; and 
a third electrode sandwiched between the substrate and the conductive organic thin film and Insulated there- 
from; 

wherein the third electrode controls an electric field across the conductive organic thin film by application of 
a voltage between itself and the first electrode or itself and the second electrode; and 
the conductive organic thin film comprises an organic molecular group comprising organic molecules each 
having a polar group and has a conductive network In which the organic molecules making up the organic 
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molecular group are bonded to one another by conjugated bonds. 

9. A three-terminal organic electronic device according to claim 8, wherein the conductive organic thin film is a mon- 
omolecular film or a monomolecular built-up film, the monomolecular film and the monomolecular built-up film 

being fixed to the substrate. 

1 0. A three-terminal organic electronic device according to claim B, wherein change in the conductivity of the conductive 
network is effected by the electric field applied across the conductive organic thin film. 

11 . A three-terminal organic electronic device according to claim 8. wherein the polar group is a polarizable group that 
is polarized when an electric field is applied. 

12. A three-terminal organic electronic device according to claim 11 , wherein the polarizable group is a carbonyl group 
or an oxycarbonyl group. 

1 3. A three-terminal organic electronic device according to claim 8, wherein the conductive network comprises at least 
one conjugated system selected from the group consisting of a polyacetylene-based, a polydiacetylene-based, a 
polythiophene-based, a polypyrrole-based, and a polyacene-based conjugated system. 

14. A method of producing a two-terminal organic electronic device formed on an insulating substrate or an insulating 
film-covered substrate that is a substrate having an insulating film formed thereon, the method comprising the 
steps of: 

forming an organic thin film comprising an organic molecular group comprising organic molecules each having 

a light-responsive group and a polymerizable group that bonds by conjugated bonds; 

forming a conductive network by bonding the organic molecules making up the organic thin film to one another 

by conjugated bonds; and 

forming a first electrode and a second electrode spaced from each other so that the first electrode and the 
second electrode contact the conductive network. 

15. A method of producing a three-terminal organic electronic device fomned on an Insulating substrate or an insulating 
film-covered substrate that is a substrate having a first insulating film formed thereon, the method comprising the 

steps of: 

fonning a third electrode; 

fonming an organic thin film comprising an organic molecular group comprising organic molecules each having 
a polar group and a polymerizable group that bonds by conjugated bonds so that the third electrode is covered 
either directly or with a second insulating film disposed therebetween; 

forming a conductive network by bonding the organic molecules making up the organic thin film to one another 
by conjugated bonds; and 

forming a first electrode and a second electrode spaced from each other and from the third electrode so that 
the first electrode and the second electrode contact the conductive network. 

16. A method of producing an organic electronic device according to claims 14 or 15, wherein the organic thin film is 
a monomolecular film or a monomolecular built-up film, the monomolecular film and the monomolecular built-up 
film being fixed to the substrate. 

17. A method of producing an organic electronic device according to claims 14 or 15, wherein chemisorptlon or the 
Langmuir-Blodgett technique is utilized in the step of forming an organic thin film. 

18. A method of producing an organic electronic device according to claims 14 or 15, wherein in the step of forming 
a conductive network, the bonding of the organic molecules making up the organic thin film to one another by 
conjugated bonds to form a conductive network is achieved by polymerization or polymerization followed by 
crosslinking. 

1 9. A method of producing a two-temninal organic electronic device according to claim 1 4, wherein the light-responsive 
group is a phototsomerizable group. 
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20. A method of producing a two-terminal organic electronic device according to claim 1 9. wherein the photoisomer- 
izable group is an azo group. 

21. A method of producing a three-terminal organic electronic device according to claim 15, wherein the polar group 
is a polarizable group that is polarized when an electric field is applied. 

22. A method of producing a three-temninal organic electronic device according to claim 21 , wherein the polarizable 
group is a carbonyl group or an oxycarbonyi group. 

23. A method of producing an organic electronic device according to claims 1 4 or 1 5, wherein the polymerizable group 
is selected from the group consisting of a catalytically polymerizable group, an electrolytlcally polymerizable group, 
and a polymerizable group that is polymerized through energy beam irradiation. 

24. A method of producing an organic electronic device according to claims 14 or 15, wherein: 

the polymerizable group is an electrolytically polymerizable group; 

the step of forming a first electrode and a second electrode is carried out before the step of fomiing a conductive 
network; and 

the step of forming a conductive network comprises applying a voltage between the first electrode and the 
second electrode so that the electrolytically polymerizable group of each organic molecule of the organic mo- 
lecular group undergoes an electrolytic-polymerization reaction to fonn a conductive network. 

25. A method of producing a two-temiinal organic electronic device according to claim 14, wherein: 

the polymerizable group is an electrolytically polymerizable group that is a pyrrolyl group or a thienyl group : and 
the method further comprises, after the step of forming the first electrode and the second electrode, a step of 
fonming a coating film on the organic thin film and an additional conductive network in the coating film by 
immersing the substrate having the organic thin film fomned thereon in an organic solvent in which organic 
molecules each having a light-responsive group and a functional group that is a pyrrolyl group or a thienyl 
group are dissolved and applying voltages between the first electrode and the second electrode and between 
the first electrode or the second electrode and an external electrode, respectively the external electrode being 
contacted with the organic solvent and disposed above the organic thin film. 

26. A method of producing a two-terminal organic electronic device according to claim 14, wherein: 

the polymerizable group is an electrolytically polymerizable group that is a pyrrolyl group or a thienyl group ; 
the step of forming a first electrode and a second electrode is carried out before the step of fonning a conductive 
network; and 

the step of forming a conductive network includes fonning a coating film on the organic thin film while forming 
the conductive networi< of the organic thin film and an additional conductive network in the coating film by 
immersing the substrate having the organic thin film formed thereon in an organic solvent in which organic 
molecules each having a light-responsive group and a functional group that is a pyrrolyl group or a thienyl 
group are dissolved and applying voltages between the first electrode and the second electrode and between 
the first electrode or the second electrode and an external electrode, respectively, the external electrode being 
contacted with the organic solvent and disposed above the organic thin film. 

27. A method of producing a three-terminal organic electronic device according to claim 15, wherein: 

the polymerizable group is an electrolytically polymerizable group that is a pyrrolyl group ora thienyl group ; and 
and the method further comprises, after the step of forming the first electrode and the second electrode, a 
step of forming a coating film on the organic thin film and an additional conductive network in the coating film 
by immersing the substrate having the organic thin film fonned thereon in an organic solvent in which organic 
molecules each having a light-responsive group and a functional group that is a pyn'olyl group or a thienyl 
group are dissolved and applying voltages between the first electrode and the second electrode and between 
the first electrode or the second electrode and an external electrode^ respectively, the external electrode being 
contacted with the organic solvent and disposed above the organic thin film. 

28. A method of producing a three-terminal organic electronic device according to claim 15, wherein: 
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the polymeri^able group is an electrolytlcally polymeri7able group that is a pyrrolyl group or a thienyl group ; 
the step of forming a first electrode and a second electrode Is carried out before the step of forming a conductive 
network; and 

the step of forming a conductive network includes fomiing a coating film on the organic thin film while forming 
5 the conductive network of the organic thin film and an additional conductive network in the coating film by 

immersing the substrate having the organic thin film formed thereon in an organic solvent in which organic 
molecules each having a light-responsive group and a functional group that is a pyrrolyl group or a thienyl 
group are dissolved and applying voltages between the first electrode and the second electrode and between 
the first electrode or the second electrode and an external electrode, respectively, the external electrode being 
contacted with the organic solvent and disposed above the organic thin film. 

29. A method of operating a two-terminal organic electronic device formed on a substrate, the device comprising a 
first electrode, a second electrode spaced from the first electrode, and a conductive organic thin film electrically 
connecting the first electrode and the second electrode, the conductive organic thin film comprising an organic 
molecular group comprising organic molecules each having a light-responsive group and the conductive organic 
thin film having a conductive network in which the organic molecules making up the organic molecular group are 
bonded to one another by conjugated bonds, the method comprising: 

switching current flowing between the first electrode and the second electrode by irradiating Ihe conductive 
organic thin film with a light while a voltage is applied between the first electrode and the second electrode to 
change the conductivity of the conductive network. 

30. A method of operating a three-terminal organic electronic device formed on a substrate, the device comprising a 
first elGctrodc, a second electrode spaced from the first electrode, a conductive organic thin film electrically con- 

^5 necting the first electrode and the second electrode, and a third electrode sandwiched between the substrate and 

the conductive organic thin film and insulated therefrom, wherein the third electrode controls an electric field across 
the conductive organic thin film by application of a voltage between itself and the first electrode or itself and the 
second electrode and the conductive organic thin film comprises an organic molecular group comprising organic 
molecules each having a polar group and has a conductive network in which the organic molecules making up the 

30 organic molecular group are bonded to one another by conjugated bonds, the method comprising: 

switching current flowing between the first electrode and the second electrode by applying a voltage between 
the first electrode or the second electrode and the third electrode while a voltage is applied between the first 
electrode and the second electrode to change the conductivity of the conductive network. 

35 

31 . A method of operating a two-terminal organic electronic device according to claim 29, wherein the light-responsive 
group is a photoisomerizable group, and the light Is a first light or a second light, respectively, the first light and 
the second light having differing wavelengths. 

32. A method of operating a two-terminal organic electronic device according to claim 31 , wherein the photoisomer- 
izable group is an azo group. Y 

33. A method of operating a two-terminal organic electronic device according to claim 31 , wherein the first light or the 
second light are ultraviolet rays or visible rays, respectively 

34. A method of operating a three-terminal organic electronic device according to claim 30, wherein the polar group 
is a polarizable group that is polarized when an electric field is applied. 

35. A method of operating a three-terminal organic electronic device according to claim 34, wherein the polarizable 
50 group is a carbonyl group or an oxycarbonyl group. 

36. A method of operating an organic electronic device according to claims 29 or 30, wherein the conductive organic 
thin film is a monomolecular film or a monomolecular built-up film, the monomolecular film and the monomolecular 
built-up film being fixed to the substrate. 
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37. A liquid crystal display device comprising an array substrate having a plurality of switching devices aligned and 
disposed in a matrix on a first substrate and a first orientation film fonned thereon, a color filter substrate having 
a plurality of color elements aligned and disposed in a matrix on a second substrate and a second orientation film 
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formed thereon, and a liquid crystal sealed between the array substrate and the color filter substrate, the array 
substrate and the color filter substrate arranged opposing each other with the first orientation film and the second 
orientation film on the inside, the liquid crystal display device wherein: 

each of the switching devices is a three-terminal organic electronic device comprising a first electrode, a second 
electrode spaced from the first electrode, a conductive organic thin film electrically connecting the first electrode 
and the second electrode, and a third electrode sandwiched between the first substrate and the conductive organic 
thin film and insulated therefrom, wherein the third electrode controls an electric field across the conductive organic 
thin film by application of a voltage between itself and the first electrode or itself and the second electrode, the 
conductive organic thin film comprising an organic molecular group comprising organic molecules each having a 
polar group and the conductive organic thin film having a conductive network in which the organic molecules 
making up the organic molecular group are bonded to one another by conjugated bonds. 

38. An electroluminescent display device comprising an array substrate having a plurality of switching devices aligned 
and disposed in a matrix on a substrate, a common electrode opposed to the array substrate, and a light-emitting 
layer comprising a fluorescent material which emits light when an electric field is applied, the light-emitting layer 
formed between the array substrate and the common electrode, the electroluminescent display device wherein: 

each of the switching devices is a three-terminal organic electronic device comprising a first electrode, a second 
electrode spaced from the first electrode, a conductive organic thin film electrically connecting the first electrode 
and the second electrode, and a third electrode sandwiched between the substrate and the conductive organic 
thin film and insulated therefrom, wherein the third electrode controls an electric field across the conductive 
organic thin film by application of a voltage between itself and the first electrode or itself and the second 
electrode, the conductive organic thin film comprising an organic molecular group comprising organic mole- 
cules each having a polar group and the conductive organic thin film having a conductive network in which 
the organic molecules making up the organic molecular group are bonded to one another by conjugated bonds. 

39. An electroluminescent display device according to claim 38, wherein the fluorescent material comprises three 
types of fluorescent materials, those which emit red. blue and green light, respectively, and are aligned and dis- 
posed to achieve color display. 

40. A method of producing a liquid crystal display device comprising the steps of forming an array substrate by forming 
a plurality of switching devices on a first substrate such that they are arranged in a matrix, and forming a first 
orientation film thereon, forming a color filter substrate by fonning color elements on a second substrate such that 
they are arranged in a matrix formation and forming a second orientation film thereon, and arranging the array 
substrate and the color filter substrate such that they face each other at a specified gap, the first orientation film 
and the second orientation film being on the inside, filling the space between the aray substrate and the color 
filter substrate with a liquid crystal, and sealing the liquid crystal, the method wherein: 

each of the switching devices Is a three-terminal organic electronic device comprising a first electrode, a second 
electrode spaced from the first electrode, a conductive organic thin film electrically connecting the first electrode 
and the second electrode, and a third electrode sandwiched between the first substrate and the conductive 
organic thin film and insulated therefrom, wherein the third electrode controls an electric field across the con- 
ductive organicthin film by application of a voltage between Itself and the first electrode or itself and the second 
electrode, the conductive organic thin film comprising an organic molecular group comprising organic mole- 
cules each having a polar group and the conductive organic thin film having a conductive network in which 
the organic molecules making up the organic molecular group are bonded to one another by conjugated bonds. 

41. A method of producing an electroluminescent display device comprising the steps of forming an array substrate 
by forming a plurality of switching devices on a substrate such that they are arranged in a matrix, forming a light- 
emitting layer on the array substrate, the light-emitting layer comprising a fluorescent material which emits light 
when a voltage is applied, and forming a common electrode by forming a common electrode film on the light- 
emitting layer, the method wherein: 

each of the switching devices is a three-terminal organic electronic device comprising a first electrode, a second 
electrode spaced from the first electrode, a conductive organic thin film electrically connecting the first electrode 
and the second electrode, and a third electrode sandwiched between the substrate and the conductive organic 
thin film and insulated therefrom, wherein the third electrode controls an electric field across the conductive 
organic thin film by application of a voltage between itself and the first electrode or itself and the second 
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electrode, the conductive organic thin film comprising an organic molecular group comprising organic mole- 
cules each having a polar group and the conductive organic thin film having a conductive network in which 
the organic molecules making up the organic molecular group are bonded to one another by conjugated bonds. 

42. A method of producing an electroluminescent display device according to claim 41 , wherein the fluorescent material 
comprises three types of fluorescent materials, those which emit red, blue and green light, respectively, and are 
formed at specified positions to achieve color display in the step of forming a light-emitting layer. 

43. A method of producing a functional organic thin film fixed to a specified portion of a surface of a substrate by 
covalent bonds, the method comprising the steps of: 

preliminarily treating the substrate by performing an active hydrogen exposure treatment on the specified 
portion of the surface of the substrate to make the specified portion into a region having a higher density of 
exposed active hydrogens than a portion other than the specified portion; and 

fonning the functional organic thin film fixed to the specified portion of the surface of the substrate by covalent 
bonds by contacting the region having a higher density of exposed active hydrogens with organic molecules 
each having a functional group that reacts with active hydrogens and a functional bonding chain to react the 
organic molecules and active hydrogens In the region. 

44. A method of producing a functional organic thin film according to claim 43, wherein the substrate is such that active 
hydrogens are not exposed on the surface. 

45. A method of producing a functional organic thin film according to claim 43, wherein the specified portion has an 
area of 1 000 \im^ or less. 

46. A method of producing a functional organic thin film according to claim 43, wherein the functional bonding chain 
comprises at least one functional group selected from the group consisting of a light-responsive group, an electric 
field-responsive group, and a polymerlzable group that bonds by conjugated bonds. 

47. A method of producing a functional organic thin film according to claim 43, wherein the functional organic thin film 
Is a monomolecular film or a monomolecular built-up film, the monomolecular film and the monomolecular built- 
up film being fixed to the substrate. 

48. A method of producing a functional organic thin film according to claim 44, wherein the substrate is a water-repellent 
single layer substrate or a layered substrate wherein a water-repellent coating film is fonned on a surface of a 
substrate material. 

49. A method of producing a functional organic thin film according to claim 48, wherein the water-repellent single layer 
substrate comprises a water repellent synthetic resin. 

50. A method of producing a functional organic thin film according to claim 49, wherein the synthetic resin is an acrylic 
resin, a polycarbonate resin, or a polyethersulfone resin. 

51 . A method of producing a functional organic thin film according to claim 48, wherein the water-repellent coating film 
comprises an acrylic resin, a polycarbonate resin, or a polyethersulfone resin. 

52. A method of producing a functional organic thin film according to claim 43, wherein the step of preliminarily treating 
the substrate is such that the active hydrogen exposure treatment is carried out by oxidizing the specified portion 
of the surface of the substrate and supplying active hydrogens to the specified portion. 

53. A method of producing a functional organic thin film according to claim 52, wherein the oxidizing of the specified 
portion is carried out In an atmosphere containing oxygen atoms and hydrogen atoms by at least one of excimer 
UV light irradiation, ultraviolet Irradiation, plasma treatment, and corona treatment. 

54. A method of producing a functional organic thin film according to claim 43, wherein the substrate comprises a 
layered substrate wherein a water-repellent organic film is formed on a surface of a substrate material having 
active hydrogens exposed thereon, and the step of preliminarily treating the substrate is such that the active hy- 
drogen exposure treatment is carried out by oxidizing the specified portion of the surface of the substrate to remove 
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the water-repellent organic film from the specified portion, whereby active hydrogens are exposed. 

55. A method of producing a functional organic thin film according to claim 54. wherein the oxidizing of the specified 
portion is carried out under an atmosphere containing oxygen by at least one of excimer UV light irradiation, ul- 
traviolet irradiation, plasma treatment, and corona treatment. 



56. A method of producing a functional organic thin film according to claim 43, wherein a mask is fomied on the portion 
other than the specified portion of the surface of the substrate before the active hydrogen exposure treatment is 
perfonned on the substrate. 

10 

57. A method of producing a functional organic thin film according to claim 56, wherein the step of forming the functional 
organic thin film is carried out after the mask has been removed. 



58. A method of producing a functional organic thin film according to claim 56, wherein the step of forming the functional 
organic thin film is carried out before the mask Is removed. 



59. A method of producing a functional organic thin film according to claim 43, wherein: 

the functional group that reacts with aclive hydrogens is selected from the group consisting of a halosilyl group, 

an isocyanate group, and an alkoxysilyl group; and 

the step of forming the functional organic thin film is such that the contacting of the region having a higher 
density of exposed active hydrogens with the organic molecules is carried out using a chemisorption solution 
wherein the organic molecules and a nonaqueous organic solvent are mixed together. 



25 



60. A method of producing a functional organic thin film according to claim 43. further comprising a step of washing 
the surface the substrate with a nonaqueous organic solvent after the steps of preliminarily treating the substrate 
and forming the functional organic thin film. 

61. A method of producing a functional organic thin film fixed to a specified portion of a surface of a substrate by 
30 covalent bonds, comprising the steps of: 



preliminarily treating the substrate by performing an active hydrogen removing treatment on a portion other 
than the specified portion of the surface of the substrate to make the specified portion into a region having a 
higher density of exposed active hydrogens than the portion other than the specified portion; and 
fonning the functional organic thin film fixed to the specified portion of the surface of the substrate by covalent 
bonds by contacting the region having a higher density of exposed active hydrogens with organic molecules 
each having a functional group that reacts with active hydrogens and a functional bonding chain to react the 
organic molecules and active hydrogens In the region. 

40 62. A method of producing a functional organic thin film according to claim 61 , wherein the substrate is such that active 
hydrogens are exposed on the surface. 

63. A method of producing a functional organic thin film according to claim 61, wherein the specified portion has an 
area of 1 000 fim^ or less. 

45 

64. A method of producing a functional organic thin film according to claim 61 . wherein the functional bonding chain 
comprises at least one functional group selected from the group consisting of a light-responsive group, an electric 
field-responsive group, and a polymerlzable group that bonds by conjugated bonds. 

so 65. A method of producing a functional organic thin film according to claim 61 , wherein the functional organic thin film 
is a monomoiecular film or a monomolecular built-up film, the monomolecular f llm and the monomolecular built- 
up film being fixed to the substrate. 

66. A method of producing a functional organic thin film according to claim 62, wherein the substrate Is a hydrophilic 
55 single layer substrate or a layered substrate wherein a hydrophilic coating film is formed on a surface of a substrate 

material. 



67. A method of producing a functional organic thin film according to claim 66. wherein the hydrophilic single layer 
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substrate comprises a metal having an oxicli7ed surface, silicon, silicon nitride, silica, or glass. 

68. A method of producing a functional organic thin film according to claim 66, wherein the hydrophilic coating com- 
prises a metal oxide, silicon, silicon nitride, silica, or glass. 

5 

69. A method of producing a functional organic thin film according to claim 61 , wherein the step of preliminarily treating 
the substrate is such that the active hydrogen removing treatment is a chemical treatment performed to remove 
active hydrogens from the portion of the surface of the substrate other than the specified portion. 

10 70. A method of producing a functional organic thin film according to claim 69, wherein the chemical treatment is such 
that the portion other than the specified portion of the surface of the substrate is contacted with organic molecules 
each having a functional group that reacts with active hydrogens to induce a reaction between the organic mole- 
cules and the active hydrogens of the portion other than the specified portion of the substrate. 
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71 . A method of producing a functional organic thin film according to claim 61 , wherein the step of preliminarily treating 
the substrate is such that the active hydrogen removing treatment is a physical treatment performed to remove 
active hydrogens from the portion of the surface of the substrate other than the specified portion. 

72. A method of producing a functional organic Ihin film according to claim 71 , wherein the physical treatment is such 
that covalent bonds between the substrate and the active hydrogens are broken by irradiating the portion other 
than the specified portion of the surface of the substrate with light In a vacuum. 



73. A method of producing a functional organic thin film according to claim 61, wherein a mask is formed on the 
specified portion of the surface of the substrate before the active hydrogen removing treatment is performed and 

25 is removed before the step of forming the functional organic thin film. 

74. A method of producing a functional organic thin film according to claim 73, wherein: 

the functional group that reacts with active hydrogens is selected from the group consisting of a halosilyl group. 
^0 an isocyanate group, and an alkoxysilyl group; and 

the step of fonning the functional organic thin film is such that the contacting of the region having a higher 
density of exposed active hydrogens with the organic molecules is carried out using a chemisorption solution 
wherein the organic molecules and a nonaqueous organic solvent are mixed together 

75. A method of producing a functional organic thin film according to claim 73, further comprising a step of washing 
the surface of the substrate with a nonaqueous organic solvent after the steps of preliminarily treating the substrate 
and forming the functional organic thin film. 

76. A method of producing a two-temiinal organic electronic device formed on a substrate, the device comprising a 
first electrode, a second electrode spaced from the first electrode, and a conductive organic thin film electrically 
connecting the first electrode and the second electrode, the conductive organic thin film comprising an organic 
molecular group comprising organic molecules each having a light-responsive group and the conductive organic 
thin film having a conductive network in which the organic molecules making up the organic molecular group are 
bonded to one another by conjugated bonds, the method comprising the steps of: 



preliminarily treating the substrate by performing an active hydrogen exposure treatment on a specified portion 
of a surface of the substrate to make Ihe specified portion into a region having a higher density of exposed 
active hydrogens than a portion other than the specified portion; 

forming a film by contacting the region having a higher density of exposed active hydrogens with organic 
molecules each having a functional group that reacts with active hydrogens, a light-responsive group, and a 
polymerizable group that bonds by conjugated bonds and inducing the organic molecules and active hydrogens 
in the region to react such that an organic molecular group comprising the organic molecules is fixed to the 
specified portion of the surface of the substrate by covalent bonds; 

fonning the conductive network by bonding the organic molecules making up the organic molecular group to 
one another by conjugated bonds; and 

fonning the first electrode and the second electrode on the substrate. 
77, A method of producing three-tenminal organic electronic device formed on a substrate, the device comprising a 
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first electrode, a second electrode spaced from the first electrode, a conductive organic thin film electrically con- 
necting the first electrode and the second electrode, and a third electrode sandwiched between the substrate and 
the conductive organic thin film and insulated therefrom wherein the third electrode controls an electric field across 
the conductive organic thin film by application of a voltage between itself and the first electrode or itself and the 
second electrode, and the conductive organic thin film comprises an organic molecular group comprising organic 
molecules each having a polar group and has a conductive network in which the organic molecules making up the 
organic molecular group are bonded to one another by conjugated bonds, the method comprising the steps of: 

fomning the third electrode on a surface of the substrate; 

preliminarily treating the substrate by performing an active hydrogen exposure treatment on a specified portion 
of the surface of the substrate to make the specified portion into a region having a higher density of exposed 
active hydrogens than a portion other than the specified portion: 

fomiing a film by contacting the region having a higher density of exposed active hydrogens with organic 
molecules each having a functional group that reacts with active hydrogens, a polar group, and a polymerizable 
group that bonds by conjugated bonds and inducing the organic molecules and active hydrogens in the region 
to react such that an organic molecular group comprising the organic molecules are fixed to the specified 
portion of the surface of the substrate by covalent bonds; 

forming the conductive network by bonding the organic molecules making up the organic molecular group to 
one another by conjugated bonds; and 

foiming the first electrode and the second electrode on the substrate. 

78. A method of producing a two-temninal organic electronic device formed on a substrate, the device comprising a 
first electrode, a second electrode spaced from the first electrode, and a conductive organic thin film electrically 
connecting the first cloctrode and the second electrode, the conductive organic thin film comprising an organic 
molecular group comprising organic molecules each having a light-responsive group and the conductive organic 
thin film having a conductive network in which the organic molecules making up the organic molecular group are 
bonded to one another by conjugated bonds, the method of producing a two-terminal organic electronic device 
comprising the steps of: 

preliminarily treating the substrate by performing an active hydrogen removing treatment on a portion other 
than a specified portion of a surface of the substrate to make the specified portion into a region having a higher 
density of exposed active hydrogens than the portion other than the specified portion; 
forming a film by contacting the region having a higher density of exposed active hydrogens with organic 
molecules each having a functional group that reacts with active hydrogens, a photoisomerizable group, and 
a polymerizable group that bonds by conjugated bonds and inducing the organic molecules and active hydro- 
gens in the region to react such that an organic molecular group comprising organic molecules is fixed to the 
specified portion of the surface of the substrate by covalent bonds; 

forming the conductive network by bonding the organic molecules making up the organic molecular group to 
one another by conjugated bonds; and 

fonning the first electrode and the second electrode on the substrate. 

79. A method of producing three-temninal organic electronic device formed on a substrate, the device comprising a 
first electrode, a second electrode spaced from the first electrode, a conductive organic thin film electrically con- 
necting the first electrode and the second electrode, and a third electrode sandwiched between the substrate and 
the conductive organic thin film and insulated therefrom wherein the third electrode controls an electric field across 
the conductive organic thin film by application of a voltage between itself and the first electrode or itself and the 
second electrode, and the conductive organic thin film comprises an organic molecular group comprising organic 
molecules each having a polar group and has a conductive network In which the organic molecules making up the 
organic molecular group are bonded to one another by conjugated bonds, the method comprising the steps of: 

fonning the third electrode on a surface of the substrate; 

preliminarily treating the substrate by performing an active hydrogen removing treatment on a portion other 
than a specified portion of the surface of the substrate to make the specified portion Into a region having a 
higher density of exposed active hydrogens than the portion other than the specified portion; 
fomning a film by contacting the region having a higher density of exposed active hydrogens with organic 
molecules each having a functional group that reacts with active hydrogens, a polar group, and a polymerizable 
group that bonds by conjugated bonds and inducing the organic molecules and active hydrogens in the region 
to react such that an organic molecular group comprising the organic molecules is fixed to the specified portion 
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of the surface of the substrate by covalent bonds; 

fonming the conductive network by bonding the organic molecules making up the organic molecular group to 
one another by conjugated bonds; and 

fomiing the first electrode and the second electrode on the substrate. 

80. A method of producing an organic electronic device according to claims 76 or 77. wherein the substrate is such 
that active hydrogens are not exposed on the surface. 

81. A method of producing an organic electronic device according to claims 76 or 77, wherein the active hydrogen 
exposure treatment is such that the specified portion of the surface of the substrate is oxidized and supplied with 
active hydrogens. 



82. A method of producing an organic electronic device according to claims 76 and 77. wherein the substrate is a 
layered substrate wherein a water-repellent organic film is formed on a surface of a substrate material having 

15 active hydrogens exposed thereon, and the active hydrogen exposure treatment is such that the specified portion 

of the surface of the layered substrate is oxidized to remove the water-repellent organic film, whereby active hy- 
drogens are exposed. 

83. A method of producing an organic electronic device according to claims 78 or 79. wherein the substrate is such 
20 that active hydrogens are exposed on the suilace, 

84. A method of producing an organic electronic device according to claims 78 or 79, wherein the active hydrogen 
removing treatment is a chemical treatment performed to remove active hydrogens from the portion other than the 
specified portion of the surface of the substrate. 

25 

85. A method of producing an organic electronic device according to claims 78 and 79, wherein the active hydrogen 
removing treatment is a physical treatment performed to remove active hydrogens from the portion other than the 
specified portion of the surface of the substrate. 



30 86. A method of producing an organic electronic device according to any of claims 76 to 79. wherein the conductive 
organic thin film is a monomolecular film or a monomotecular built-up film, the monomolecular film and the mon- 
omolecular built-up film being fixed to the substrate. 

87. A method of producing an organic electronic device according to any of claims 76 to 79, wherein chemisorptlon 
35 or the Langmuir-Blodgett technique is utilized in the step of fonning a film. 

88. A method of producing an organic electronic device according to any of claims 76 to 79, wherein the polymerizable 
group is selected from the group consisting of a catalyticaily polymerizable group, an electro lytically polymerizable 
group, and a polymerizable group that is polymerized through energy beam irradiation 

40 

89. A method of producing a two-terminal organic electronic device according claims 76 or 78, wherein the light- 
responsive group is a photoisomerizable group. 



90. A method of producing a two-terminal organic electronic device according to claims 76 or 78, wherein: 

the polymerizable group is an electrolytlcally polymerizable group; 

the step of forming the first electrode and the second electrode is carried out before the step of forming the 
conductive network; and 

the step of fornning the conductive network is such that each electrolytlcally polymerizable group is subjected 
to an electrolytic-polymerization reaction to form the conductive network. 

91. A method of producing a two-terminal organic electronic device according to claims 76 or 78, wherein: 

the polymerizable group is an elect rolyticatly polymerizable group that is a pyrrolyt group or a thienyl group : and 
the method further comprises, after the step of fornning the first electrode and the second electrode, a step of 
fomiing a coating film on the organic thin film and an additional conductive network in the coating film by 
immersing the substrate having the organic thin film formed thereon in an organic solvent in which organic 
molecules each having a light-responsive group and a functional group that is a pyrrolyl group or a thienyl 
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group are dissolved and applying voltages between the first electrode and the second electrode and between 
the first electrode or the second electrode and an external electrode, respectively, the external electrode being 
contacted with the organic solvent and disposed above the organic thin film. 

92. A method of producing a two-terminal organic electronic device according to claims 76 or 78, wherein: 

the polymerizable group is an electrolytically polymerizable group that is a pyrrolyl group or a thienyl group; 
the step of forming the first electrode and the second electrode Is carried out before the step of forming the 
conductive network; and 

the step of fonming the conductive network includes forming a coating film on the organic thin film while forming 
the conductive network of the organic thin film and an additional conductive network in the coating film by 
immersing the substrate having the organic thin film formed thereon in an organic solvent in which organic 
molecules each having a light-responsive group and a functional group that is a pyrrolyl group or a thienyl 
group are dissolved and applying voltages between the first electrode and the second electrode and between 
the first electrode or the second electrode and an external electrode, respectively, the external electrode being 
contacted with the organic solvent and disposed above the organic thin film. 

93. A method of producing a three-terminal organic electronic device according to claims 77 or 79, wherein the polar 
group is a polarizable group that is polarized when an electric field is applied, 

94. A method of producing a three-terminal organic electronic device according to claims 77 or 79, wherein: 



the polymerizable group is an electrolytically polymerizable group; 

the step of forming the first electrode and the second electrode is earned out before the step of forming the 
^5 conductive network; and 

the step of forming the conductive network is such that by applying a voltage between the first electrode and 
the second electrode, each electrolytically polymerizable group is subjected to an electro lytic-polymerization 
reaction to fomi the conductive network. 

30 95. A method of producing a three-terminal organic electronic device according to claims 77 or 79. wherein: 

the polymerizable group Is an electrolytically polymerizable groupthatisa pyrrolyl group ora thienyl group ; and 
the method further comprises, after the step of forming the first electrode and the second electrode, a step of 
fonning a coating film on the organic thin film and an additional conductive network in the coating film by 
immersing the substrate having the organic thin film formed thereon in an organic solvent in which organic 
molecules each having a light-responsive group and a functional group that is a pyrrolyl group or a thienyl 
group are dissolved and applying voltages between the first electrode and the second electrode and between 
the first electrode or the second electrode and an external electrode, respectively, the external electrode being 
contacted with the organic solvent and disposed above the organic thin film. 

96. A method of producing a three-terminal organic electronic device according to claims 77 or 79, wherein: 

the polymerizable group is an electrolytically polymerizable group that is a pyrrolyl group or a thienyl group; 
the step of forming the first electrode and the second electrode Is carried out before the step of forming the 
^5 conductive network; and 

the step of fomiing the conductive network includes forming a coating film on the organic thin film while forming 
the conductive network of the organic ihin film and an additional conductive network in the coating film by 
immersing the substrate having the organic thin film formed thereon in an organic solvent in which organic 
molecules each having a light- responsive group and a functional group that is a pyrrolyl group or a thienyl 
group are dissolved and applying voltages between the first electrode and the second electrode and between 
the first electrode or the second electrode and an external electrode, respectively, the external electrode being 
contacted with the organic solvent and disposed above the organic thin film. 

97. A method of producing a liquid crystal display device comprising the steps of forming an array substrate by forming 
a plurality of switching devices on a first substrate such that they are arranged in a matrix and forming a first 
orientation film thereon, forming a color filter substrate by fonning color elements on a second substrate such that 
they are arranged in a matrix and fonming a second orientation film thereon, and arranging the array substrate and 
the color filter substrate such that they face each other at a specified gap, the first orientation film and the second 
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orientation film being on the inside, filling the space between the array substrate and the color filter substrate with 
a liquid crystal, and sealing the liquid crystal, the method wherein: 

the step of fomning an array substrate comprises the substeps of 
forming third electrodes in a matrix on a surface of the first substrate; 

preliminarily treating the first substrate by perfomiing an active hydrogen exposure treatment on specified 
portions of the surface of the first substrate to make the specified portions Into regions having higher densities 
of exposed active hydrogens than portions other than the specified portions; 

fonning a film by contacting the regions having higher densities of exposed active hydrogens with organic 
molecules each having a functional group that reacts with active hydrogens, a polar group, and a polymerizable 
groupthat bonds by conjugated bonds and inducing the organic molecules and active hydrogens in the regions 
to react such that an orga nic molecular group comprising the organic molecules is fixed to the specified portions 
of the surface of the first substrate by covalent bonds; 

fonning a conductive network by bonding the organic molecules making up the organic molecular group to 
one another by conjugated bonds; 

fonming first electrodes and second electrodes on the first substrate; and 

fonning the first orientation film on the first substrate having the first electrodes, the second electrodes, and 
the third electrodes formed thereon. 

98. A method of producing an electroluminescent display device comprising the steps of forming an array substrate 
by forming a plurality of switching devices on a substrate such that they are arranged in a matrix, forming a light- 
emitting layer on the array substrate, the light-emitting layer comprising a fluorescent material which emits light 
when a voltage is applied, and fonning a common electrode by fonning a common electrode film on the light- 
emitting layer, the method wherein: 

the step of fonning an array substrate step comprises the substeps of: 

fonning third electrodes In a matrix on a surface of the substrate; 

preliminarily treating the substrate by performing an active hydrogen exposure treatment on specified 
portions of the surface of the substrate to make the specified portions into regions having higher densities 
of exposed active hydrogens than portions other than the specified portions; 

fonning a film by contacting the regions having higher densities of exposed active hydrogens with organic 
molecules each having a functional group that reacts with active hydrogens, a polar group, and a polym- 
erizable group that bonds by conjugated bonds and inducing the organic molecules and active hydrogens 
in the regions to react such that an organic molecular group comprising the organic molecules is fixed to 
the specified portions of the surface of the substrate by covalent bonds; and 

fonning a conductive network by bonding the organic molecules making up the organic molecular group 

to one another by conjugated bonds; and 

fonning first electrodes and second electrodes on the substrate. 

99. A method of producing a liquid crystal display device comprising the steps of fonning an array substrate by forming 
a plurality of switching devices on a first substrate such that they are arranged in a matrix and forming a first 
orientation film thereon, forming a color filter substrate by fonning color elements on a second substrate such that 
they are arranged in a matrix and fonning a second orientation film thereon, and arranging the array substrate and 
the color filter substrate such that they face each other at a specified gap, the first orientation film and the second 
orientation film being on the inside, filling the space between the array substrate and the color filter substrate with 
a liquid crystal, and sealing the liquid crystal, the method wherein: 

the step of fonning an array substrate comprises the substeps of: 

fonning third electrodes in a matrix on a surface of the first substrate; 

preliminarily treating the first substrate by performing an active hydrogen removing treatment on portions 
other than specified portions of the surface of the substrate to make the specified portions into regions 
having higher densities of exposed active hydrogens than the portions other than the specified portions; 
fonning a film by contacting the regions having higher densities of exposed active hydrogens with organic 
molecules each having a functional group that reacts with active hydrogens, a polar group, and a polym- 
erizable group that bonds by conjugated bonds and inducing organic molecules and active hydrogens in 
the region to react such that the organic molecular group comprising the organic molecules is fixed to the 
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specified portions of the surface of the substrate by covalent bonds; 

forming a conductive network by bonding the organic molecules making up the organic molecular group 
to one another by conjugated bonds; 

fonning first electrodes and second electrodes on the first substrate; and 

forming the first orientation film on the first substrate having the first electrodes, the second electrodes 
and the third electrodes formed thereon. 

100. A method of producing an electroluminescent display device comprising the steps of forming an array substrate 
by forming a plurahty of switching devices on a substrate such that they are arranged in a matrix, forming a light- 
emitting layer on the array substrate, the light-emitting layer comprising a fluorescent material which emits light 
when a voltage is applied, and forming a common electrode by forming a common electrode film on the Ilqht- 
emitting layer, the method wherein: 

the step of forming an array substrate comprises the substeps of: 

fomiing third electrodes in a matrix on a surface ol the substrate; 

preliminarily treating the substrate by performing an active hydrogen removing treatment on portions other 
than specified portions of the surface of the substrate to make the specified portions Into regions having 
higher densities of exposed active hydrogens than the portions other than the specified portions; 
fomriing a film by contacting the regions having higher densities of exposed active hydrogens with organic 
molecules each having a functional group that reacts with active hydrogens, a polar group, and a polym- 
erizable group that bonds by conjugated bonds and inducing the organic molecules and active hydrogens 
in the region to react such that the organic molecular group comprising the organic molecules is fixed to 
the specified portions of the surface of the substrate by covalent bonds; 

fomriing a conductive network by bonding the organic molecules making up the organic molecular group 

to one another by conjugated bonds; and 

fonning first electrodes and second electrodes on the substrate. 

1 01 .A method of producing an electroluminescent display device according to claims 98 or 1 00. wherein the fluorescent 
material comprises three types of fluorescent materials, those which emit red, blue, and green light, respectively, 
and are formed at specified positions In the step of forming a light-emitting layer to achieve color display 
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ABSTRACT 



Provided is an organic thin iilm transi.sior cx»mpri.sing a 
self-as.sembled monolayer interpo.sed between a gate dielec- 
tric and an organic semiconductor layer. The monolayer is a 
product of a reaction between the gale dielectric and a 
precursor to the sell -assembled monolayer. The monolayer 
precursor compo.sition has the formula: X— Y— Z,„ wherein 
X is H or CH-,; Y is a linear or branched C5-C50 aliphatic or 
cyclic aliphatic connecting group, or C^-C,o group com- 
prising an aromatic group and a C.-Q,^ aliphatic or cyclic 
aliphatic connecting group; Z is selected from from 
— — OPO3H., benzotriazolyl (—QH^N,), carbo- 
nyloxybenzotriazole (— OC(=0)CeiH^N-), oxy benzol riaz- 
ole (— O— C,.H^N,), aminobenzotriazole (~NH— 
QH^Nj), — CONHOH, — COOH, —OH, ~SH —COSH 
--COSeH,— C^H^N,— SeH,— SO,H,— NC,-SiCl(CH,) 
2, — SiCUCHj, amino, and phosphinyl; and n is 1, 2, or 3 
provided thai n=l when Z is — SiCKCH.), or — SiCIXHv 

Methods of making a thin film iransi.stor and an integrated 
circuit comprising thin film transistors are also provided. 
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SlIUFACK M()I)II YIN(J lAYKUS FOR 
()U(;ANIC 'rHIN FILM TI^\NSIST()US 

Wis invcniion relates lo organic lliin film transisiors ^ 
having improved performance. More pariicularly, Ihc inven- 
lit^n relates lo organic ihin lilm iransisiors having a sclf- 
assemhled monolayer bclweon ihc scmicontluclor and gale 
dielectric. 

BACKGROUND 

Organic scmicondiiclors arc ofgreal inlcresl for n variety 
of apph'calions centered around low-cost electronics. The 
view is that organics can lie synthesized to incorporate the 35 
necessary electronic properties for a wide variety of devices, 
and also can be constructed to allow low-cost, reel-lo-reel 
processing that is not currently |X)Ssible for crystalline 
silicon microelectronics. 

One area of concern in organic electronic devices is the :() 
quality of the interface formed between the organic semi- 
conductor and another device layer. Much work has been 
done to control the nature of meial contacts to organic 
.semiconductors using self-assembled monolayers (SAMs) 
and other types of "doped" contacts. Previous efforts to 
control the semiconductor/dielectric interface have included 
the use of hexamethyldisilazane (HMDS) and silane cou- 
pling agents on silicon oxide surfaces. Complex deposition 
proccs-ses involving long limes in a vacuum have been used 
to coat octadecyllrichlorosilane (OTS) onto thermally- 50 
grown silicon dioxide gate dielectric materials to affect 
transistor performance. The materials useful in this process 
have several disadvantages, including sensitivity to water in 
Ihc atmo.sphere and on ihe surface of a dielectric layer, 
iastal->ility due to crosslinking within the material in com- 35 
petition with the bonding reaction to the dielectric layer, and 
diflj cullies in achieving reproducible film properlies. EP 
J 041652 A2 describes the use of several .surface ireaimenls 
to enhance the crystalline domain size of solution ca.sl 
oligothiophenes on SiOy for thin film iraasistors (TFls), 40 
although mea.sured mobility values were generiilly lower 
than the untreated controls. 

SUMMARY 

The present inventors investigated organic electronic 
devices, and focused on the interface between the organic 
.semiconductor and the dielectric material. They discovered 
materials and methods of improving the properties of 
organic ihin film iransLslors. The organic thin film transi.siors 
of Ihe invention also are suitable for manufaciuring via 
roll-to-roll processing. 

Briefly, the present invention provides a self-as.sembled 
monolayer inierjio.sed between a gate dielectric and an 
organic .semiconductor layer, the monolayer being a product 
of a reaction between the gate dielectric and a precursor to 
the self-a.s.sembled monolayer, the precursor comprising a 
composition having the formula: 



X— Y— Z„, 



60 



wherein X is H or CH3; 

Y Is a linear or branched C5-C50 aliphatic or cyclic 
aliphatic connecting group, or a linear or briinched 
Cfi-C^Q group comprising an aromatic group and a 
C--C4J aliphatic or cyclic aliphatic connecting group; 6,^ 

Z is selected from — PO^H^, — OPO3H., benzotriazolyl 
( — CoHjNa), carbonyioxybenzotriazole ( — 0C(=0) 



(\,I1.,N-), oxyben/.otria/ole ( — O — C,J1,,N-), ami- 
noben/.oiriazole (— Nl 1— C„I l.,NO. — CONIIOIL 
— COOll, —Oil. — SIl. —COSH, — COSell, 
— C,M,N, —Sell, — SO3H, — NC, — SiCKCIl.O., 
— SiCKCIl-,, amino, and phosphinyt; 
and n is 1, 2. or 3 provided that n»l when Z is — ^SiCI 

(CW3), or — SiCUCIIv 
Various thin lilni transistor construction options arc pos- 
sible. For example, Ihe source and drain clecirtKlcs may be 
adjacent lo the gate dielectric with Ihc organic .semiconduc- 
tor layer over ihe .source and drain electrodes, or the organic 
semiconductor layer may Ixi interposed between the .source 
and drain electrodes and the gate dielectric. 

In another aspect, the present invention provides a method 
of making a thin film iran.si.stor comprising the steps of 
providing a sub.strale, providing a gale electrode material on 
the .sub.strale, providing a gate dieleciric on the gate elec- 
trode material, providing a .self- assembled monolayer 
(SAM) adjacent to the gate dieleciric, the monolayer being 
a product of a reaction between the gale dielectric and a 
precursor to ihe self-a.ssembled monolayer, providing an 
organic .semiconductor layer adjacent lo the monolayer, and 
providing a .source electrode and a drain electrode contigu- 
ous to the organic semiconductor layer. The precursor is as 
described above with the organic thin iilm lransi.stor article. 
An integrated circuit compri.sing organic thin lilm tran.si.slor 
articles is also provided. 

It is an advantage of the present invention 10 provide 
organic thin film iraasistors with one or more improvements 
over known devices lhal lack the features of the pre.sent 
invention. With the invention, improvements in properties 
such as threshold voltage, subthreshold slope, on/off ratio, 
and charge-carrier mobility can be achieved. The improve- 
ments in device performance provided by the pre.senl inven- 
tion enable the production of more complicated circuits 
having fa.ster switching speeds and simpler proce.ssing con- 
ditions. This invention also enables the production of larger 
circuit elements having comparable performance to devices 
with very small features. Devices with larger feature sizes 
can be less expensive as they do not require expensive 
precision patterning methods. 

As u.sed herein, "a" or "an" or "the" are u.sed interchange- 
ably with "at least one", to mean "one or more" of the 
element being modified. 

Other features and advantages of the invention will be 
apparent from the following detailed description of the 
invention and the claims. The above summary of principles 
of the di.sclosure is not intended to describe each illustrated 
embodiment or every implementation of the present di.sclo- 
•sure. The figures and ihe detailed description that follow 
more particularly exemplify certain preferred embodiments 
utilizing the principles di.sclo.sed herein. 

BRIEF DESCRIPnON OF THE DRAWINGS 

FIG. 1 is a .schematic cro.ss-.sectional view, not to scale, of 
one embodiment of the pre.sent invention. 

FIG. 2 is a .schematic cro.ss-seclional view, not to .scale, of 
another embodiment of Ihe pre.sent invention. 

FIG. 3 is a schematic cro.s.s-seclionaI view, noi 10 scale, of 
yet another embodiment of the present invention. 

DETAILED DESCRIPTION 

Generally, a thin film transistor includes a gate electrode, 
a gate dielectric on the gate electrode, a .source electrode and 
a drain electrode adjacent to the gate dielectric, and a 
semiconductor layer adjacent lo the gate dielectric and 



us 6.433.359 Bl 

3 4 

jitljaccnl U) ihc source anil drain clcartulcs. More amund Ihc ciraimlcrcncc oi a cvlimlcr of lc.s.s ihan ahiiui 25 

spccilically, an organic Ihin iilm iransisior (O'J'I"!*) has an cm diamclcr wiihoul disinriini; or brcakinii ilic siibsiraic. In 

organic scmiconducior layer. some emhodimenis, Ihe subsiraie chosen mosl preferably is 

'ITie organic ihin Iilm iransisior of ihe preseni inveniion eapable of wrapping around Ihe circumference of a cylinder 

furlhcr includes a self-assembled monolayer (SAM) inler- > of less lhan aboul K) cm diameier, or even aboul 5 cm 

posed belween Ihe gale dieleclric and Ihe organic semicon- diameler, wiihoul disioriing or breaking ihe .subsiraie. 'J'he 

ducior layer. force used lo wrap ihe flexible .subslrjile of Ihe inveniion 

Referring now lo TKi. 1, in tme embodimeni of ihe around a pariicular cylinder lypically is low, such as by 

pre.senl inveniion gale elcclrode 12 is provided on subsiraie u na.s.si.sied hand, i.e., wiihoul Ihe aid of levers, machines, 

26. (ialc dieleclric 14 is provided on gale eleclrode 12. hydrauhcs, and Ihe like. The preferred llexibic subsiraie may 

Sclf-a.ssembled monolayer 16 is inierpuscd belween gale rolled upon ilself. 

dieleclric 14 and organic scmiconducior layer IK. Source In some cmbodimcnis of ihc inveniion, Ihc .sulisirale is 

elcclrode 22 and drain elcclrwle 24 are provided adjaccnl lo opiional. For example, in Ihe emiwdimcni of PIG. 1, when 

organic scmiconducior layer 18. gale eleclrode 12 and/or gale dieleclric 14 provide .sufficieni 

The Iransisior embodimeni described alwve includes the support for the intended u.se of ihc resultant TFF, subsiraie 

.source and drain electrodes on the organic .semiconductor required. In addilion, Ihe substrate may be com- 

layer. Various other embodiments are within the .scope of the W'*^ a temporary support. In such an embodimeni, a 

pre.senl inveniion, some of which are described below. support may Ix; delachably adhered or mechanically aOixed 

Referring now lo FIG. 2, in anoiher embodimeni of ihc , suKstrate 26. such as when Ihe .support is desired for a 

preseni inveniion gale eleclrode 32 is provided on sulisirale ^<^"^P^''*'0^ punwse, e.g., manufacturing, iran.sporl, le.siing, 

46. Gale dieleclric 34 is provided on gale eleclrode 32. and/or storage. For example, a llexible polymeric substrate 

Source eleclrode 42 and drain eleclrode 44 are located "lay be adhered lo a rigid glass su|)jx>rl, which .support could 

adjacent to gale dielectric 34. Self-a.s.sembled monolayer 36 ^"'^ removed. 

is interposed belween gate dieleclric 34 and organic semi- S*''*^ eleclrode can be any useful conductive material, 
conductor layer 38. For example, ihe gale eleclrode may compri.se doped silicon. 
Referring now to FIG. 3, in yet anoiher embodiment of Ihe ^i" *** ^^^^ '^^ aluminum, chromium, gold, .silver, 
present inveniion gale electrode 52, source eleclrode 62, and nickel, palladium, plalinum, tantalum, and titanium. Con- 
drain electrode 64 are provided on substrate 66. Gate dielec- t>u*-'>ive polymers also can be u.sed, for example polyaniline, 
trie 54 is provided on gale electrode 52. Self-a-S-sembled ,o Pf^'y(-^'4'e»hylenedioxythiophenc)/poIy(slyrene sulfonate) 
monolayer 56 is interposed belween gale dieleclric 54 and * (PEt)OT;PSS). In addilion, alloys, combinations, and mul- 
organic semiconductor layer 58, Gale dielectric 54 .should »»layers of ihe.se materials may be useful, 
enclose gale electrode 52 such that gate eleclrode 52 is In some embodiments of the inveniion, Ihe same material 
electrically insulated from source eleclrode 62 and drain provide the gale eleclrode function and also provide the 
eleclrode 64. Gale dielectric 54 may not fill the entire region ,5 support function of the subsiraie. For example, doped .silicon 
between gate eleclrode 52 and source eleclrode 62 and/or " function as the gale eleclrode and .suppori the OTFT. 
drain eleclrode 64, ahhough gale eleclrode 52 should be The gale dieleclric is provided on the gale electrode. This 
enclo.sed by gale dieleclric 54. In .such a case, .self-a.ssembled gate dieleclric electrically insulates ihe gale eleclrode from 
monolayer 56 and/or organic semiconductor layer 58 maybe »he balance of the OTFT device. Thus, the gale dieleclric 
included in the region belween gale dielectric 54 and .source 4,) compri.ses an electrically in.sulaling material. The gale 
eleclrode 62 and/or drain eleclrode 64. dieleclric .should have a dieleclric conslani above about 2, 
The sub.siraie supports the OTFT during manufacturing, ^^^^ preferably above aboul 5. The dielectric conslani of the 
testing, and/or u.se. For example, one substrate may be g*'»»e dielectric also can be very high, for example, 80 to IOC) 
selected for testing or screening various embodiments while ^^^n higher. Useful materials for the gale dieleclric may 
anoiher substrate is selected for commercial embodiments. 45 compri.se, for example, an inorganic electrically iasulaiing 
In some embodiments, the su lustra le does not provide any material. The gale dieleclric may compri.se a polymeric 
necessary electrical function for ihe TFT. This lype of material, such as polyvinylidenedittuoride (PVDF), 
subsiraie is termed a "non-participating subsiraie" in this cyanocellu loses, polyimidcs, etc., allhough an inorganic 
document. Useful materials can include organic or inorganic capping layer preferably comprises the outer layer for bond- 
materials. For example, the substrate may compri.se inor- 50 ^"S ^he .self-assembled monolayer, 
ganic glasses, ceramic foils, polymeric materials, filled Specific examples of materials useful for the gale dielec- 
polymeric materials, coated melallic foils, acrylics, epoxies, trie include sirontiates. lantalaies, lilanates. zirconales. alu- 
polyamides, polycarbonates, polyimides, polyketones, poly minum oxides, silicon oxides, tantalum oxides, titanium 
(oxy-l,4-phenyIeneoxy-l,4-phenyIenecarbonyl-l,4- oxides, silicon nitrides, barium litanaie, barium strontium 
phenylene) (sometimes referred to as poly(eiher ether 55 lilanate, barium zirconate litanaie, zinc selenide. and zinc 
ketone) or PEEK), polynorbornencs, polyphenyleneoxides, sulfide. In addition, alloy.s, combinations, and multilayers of 
poIy( ethylene naphthalenedicarboxylate) (PEN), poly these examples can be used for the gate dieleclric. Of these 
(ethylene lerephthalate) (PET), poly(phenylene sulfide) materials, aluminum oxides, silicon oxides, and zinc 
(PPS), and liber-reinforced pla.siics (FRP). .selenide are preferred. 

A flexible subsiraie is u.sed in some embodimenls of ihe 60 The gale dieleclric can be provided in ihe OTFT as a 

present invention. This allows for roil processing, which separate layer, or formed on the gale such as by oxidizing Ihe 

may be conlinuous, providing economy of scale and gate material lo form the gale dieleclric. 

economy of manufacturing over flat and/or rigid substrates. The source eleclrode and drain eleclrode are .separated 

The flexible substrate chosen preferably is capable of wrap- from Ihe gale eleclrode by ihe gale dielectric, while the 

ping around the circumference of a cylinder of less lhan 65 organic semiconductor layer can be over or under Ihe source 

aboul 50 cm diameter without distorting or breaking. The eleclrode and drain electrode. The source and drain clec- 

subslrate chosen more preferably is capable of wrapping irodescan any useful conductive material. Useful maie- 
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ri;ils include mosl dI* those iiKilcrijils ilcscributl above lor ihe 
gale elecirode, Ibr example, aluminum, barium, cnlcium, 
cliromjum, gold, silver, nickel, pallatlium, plalinum, 
lilanium, polyaniline, J'tiDOTiPSS, olher conducling 
polymers, alloys ihcrcof, combinalions ihcrcol', and mulli- 
layers ihcrcol'. 

Hie ihin film clecirodes (e.g., gale elecirode, .source 
elecirode. and drain elecirode) can be provided by any uselul 
means .such as physical vapor dejx>sili(ui (e.g., thermal 
cvaporalion, spullcring) or ink jel priming. The pallerning oJ' ^j^^* fiirmula-^^ 
these eiecirculcs can be accomplished by known meihods 
such as shadow masking, additive photolithography, sub- 
tract ivc phololithography, printing, microcontaci printing, 
and pallcrn coaling. 

Useful materials for the organic .semiconductor layer 
include acenes. Particular examples include anthracene, 
naphthalene, lelracene, and penlacene. Other examples 
include perylenes, fullerenes, phthalocyanines, 
oligothiophenes. and substituted derivatives thereof. 

The organic .semiconductor layer can be provided by any 
useful means, such as for example, vapor depcsition, spin 
coaling, and printing techniques. 

The .self-assembled monolayer (SAM) is inierpcsed 
between the gale dielectric and the organic semia)nductor 
layer. The monolayer is a pn)ducl of a reaction between ihe 
gate dielectric and a precursor to the ,self-as.scmbled mono- 
layer. 

Self-a.ssembled monolayer precursors provide molecules 
that form .self-a.s.sembled films, typically, monolayer films on 
the target .surface. Self-assembled thin lilms are often pre- 
pared by coating a substrate of interest in a dilute .solution of 
the .self-as.sembling precursor or by expo.sure to a vapor 
pha.se containing the precursor and allowing film formation 



cursor is preferably a bonding interaction (e.g. covaleni or 
ionic). Herein, a .sell-a.s.sembled monolayer refers to a mono- 
molccularjayer on the order of alxiul 5 Angslroms (A) to 
about 30 A thick. 

In preferred embodiments, Y can be a .saturated aliphatic 
group, an unsaturated aliphatic group, a .saturated cyclic 
aliphatic group, and an un.saturaled cyclic aliphatic group, or 
a conibinalion thereof, each of which may be linear or 
branched. 

The monolayer precursor may compri.se a composition of 



wherein m is an integer from 4 to 21. 

Particular examples for ihe monolayer precursor include 
J -phosphonoociane, 1 - p h osph ono he x a ne , 
J-phosphonohexadecane, and l-pho.sphono-3,7,J 1,15- 
tetramelhylhexadecane. 

One member of a class of branched hydrocarbon mono- 
layer precursors u.seful in the practice of the present inven- 
tion is J-pho.sphono-.3,7,l J,J.5-tetramelhylhexadecanc. 
Other members of this class include i-phosphono-2- 
ethylhexane, l-pho.sphono-2,4,4-lrimcthylpcntane, and 
1 -phosphono-3,5,5-trimethylhexane. The J -phosphono-3,7, 
11,15-tetramcthylhexadecane can be prepared from a com- 
mercially available allylic alcohol precursor by reduction of 
the alkene double bond, conversion of the alcohol to the 
corresponding bromide, and then conversion of the bromide 
lo the corresponding phosphonic acid. More .specifically, 
J-pho.sphono-3,7,li,15-ietramethylhexadecane can be 
obtained by reducing 3,7,1 J,15-letramelhyl-2-hexadecen-l- 
ol to 3,7,11,1 5-tetramethyl-l-hexadecanol, converting the 
3,7,11, l.S-tetramethyl-l-hexadecanoI to l-bromo-3,7,11,15- 
tetriimelhylhexadecane, and then converting the l-bromo-3, 
7,11,15-tetramelhylhexadecane to l-pho.sphono-3,7,ll,J5- 



to proceed. The precursor molecules form a generally orga- ,3 letramethylhexadecane, The.se .synthetic transform aliens are 
mzed molecular film on the substrate. Once formed, the him accomplished using materials and methods familiar lo lho.se 
does not redLSsolve m the solvent Irom which it was depo.s- skilled in the art. Starting materials olher than 3.7,11,15- 

ietramelhyl-2-hexadecen-l-ol and individual reaclion 
Generally, materials that form crosslinks independently of sequences olher than lhal described above may also be u.sed 
monolayer formation which may be in competition with the 40 to synthesize 1 -p hosphono-3 ,7 , 1 1 , 1 5- 
adsorplion or bonding reaction to the gate dielectric, such as lelrameihylhexadecane. as well as other members of this 
trifunclional silanes. are not desired for the monolayer class of branched hydrocarbon monolayer precursors, and 
precursor of the present invention. However, materials that the specifically exemplified monolayer precursor'and 
have functional groups effective lo bond to the gale dielec- method of preparation should not be construed as unduly 
trie and have olher groups lhal m<iy form cro.s.slinks afler 45 limiting. 

The self-as.sembled monolayer precursor is provided on 
the gate dielectric by any known method. For example, the 
precursor can be provided through a coaling process such as 
spray, .spin, dip, gravure, microcontaci printing, ink jet 
50 printing, .stamping, transfer printing, and vapor depo.silion. 
The self-assembled monolayer precursor is allowed lo inter- 



formation of the SAM can be used 

The monolayer precursor compri.ses a composition having 
the formula: 

wherein X is H or CH3; 

Y is a linear or branched C^-C^o aliphatic or cyclic 
aliphatic connecting group, or a linear or branched 
Cy-Cjo group comprising an aromatic group and a 
aliphatic or cyclic aliphatic connecting group; 

Z is .selected from — PO3H., — OPO-H^, benzolriazolyl 
( — QHjNj), carbonyioxybenzolriazole ( — 0C(=0) 
QH^N,), oxybenzotriazole ( — O — Cj^H^N^), ami- 
nobenzoiriazolc (— NH-^QH^NO, — CONHOH, 
— COOH, —OH, --SH, —COSH, — COSeH, 
— C.^H^N, — SeH, — SO3H, i.sonitrile (— NC), chlo- 
rodimethylsilyl (— SiCKCH-),). dichloromethyl.silyl 
( — SiCUCHj), amino, and phosphinyl; 

and n is J, 2, or 3 provided that n=l when Z is — SiCI 
(CH3), or — SiCIXHj. 

Herein, the reaclion between any gale dielectric and a 
functional group within the .self-assembled monolayer pre- 



acl with the gate dielectric surface. The interaction or 
reaction may be instantaneous or may require time, in which 
case increasing the temperature can reduce the neces.sary 
5.*^ lime. When a .solution of the .self-a.s.sembled monolayer 
precursor is provided on the gate dielectric layer, the solvent 
is removed by a method compatible with ihe materials 
involved, for example by heating. Any excess monolayer 
precursor is typically rinsed away before deposition of the 
60 organic semiconductor 

In one embodiment, ihe source and drain electrodes arc 
provided adjacent lo ihc gale dielectric before providing ihe 
monolayer precursor Then, ihe monolayer precursor is 
provided. After Ihe self-assembled monolayer is complelc, 
65 Ihe organic semiconducior layer is provided over Ihe .source 
and drain electrodes and over the .self-a.s.sembled monolayer 
adjacent to the gate dielectric. 
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Mic onjiinic Ihm litm irnnsisior (OTFO of Ihc prcscnl «ncl n is J. 2. or 3 provided ihal n=! when Z is -SiCKCll ) 

invcniion has one or more advaniaocs over known oroanic or -SiCLCM,; (c) providinn nn (>^^anic .scmic()nducio? 

mm lilni iransisiors. Iliese advanlagcs arc apparcni. Tor Inycr atljaccni lo ihc monolayJr; and (0 providing a source 

example, ni charge-earner mohiliiy. The prescni invcniion electrode and a drain electrode conlii;uous lo Ihe ori;anic 

provides OTITs having ;i charge-carrier mobility heller than 5 semiconductor layer. ^ ^' 

a comparistm OTI"!* not made according to the present ^ he organic semiconductor layer can he provided over or 

invention and lacking the inventive sclf-a.ssemhled mono- ^^^^^^ ^'^^ source and drain electrodes, as described above in 

layer. I'hc o rris of the invention preferably have a charge- rererence to the thin lilm transistor article. The present 

carrier mobility of at leas! about 25% Ixtler, more prd'erably invention al.so provides an integrated circuit comprisini; a 

at lea.si ahout 50% better, and in some embodiments at least jo P'V?'"^ O'WVs made by the process described abovt. 

about 100% better, than the charge -carrier mobility of a . P''^^'-'"^ '"^'^"•^^^n further provides a method of m 

comparison OTI-T not made acct)rding lo the present invcn- nTrv '"^^^"""'^^l ^^^^^^^ comprising providing a plurality of 

lion. Such improvements in charge-carrier mobiiily arc O'Hs as described above. Thus, the present invention is 

provided while maintaining other OTFr properties wiihin ^!?r-r '"-f" ''o""';: ^''"'V''^^^^ one or more of the 

desirable ranges. in>r example, the above^described J5 ",encv^^^^^^ 

w „ . .... . , ^^n^ire process ol making the thin fjlm iransi.st or or 

More spechcally ,„ an embochmenl having ,x-nlaccne as 20 in.cgn.led circuit of ihc preseni Tnven.ion can he carrie 1 ou 

the organic semicontluclor, ihc invenlion provides an OTFT below a maximum substrate icmpcralure ol about 4'i0'> C 

with a charge-carrier mobiiily al least about 0.2 cm'/Vs, preferably below alx>ut 25(»'' C, more prelcrablv' below 

more prelerably at least (1.5 cm=/Vs. and even more prefer- about l.-iO" C, and even more prclcrably below about 7(1° 

ably at lea.sl about 1 .0 cm-/Vs. In some embotliments of Ihe C.^or even al temperatures around room tcmjxjrature (about 

present invention, Ihc charge-carrier mobiiily is iibovc 2.0 2.'; C ). The temperature selection generally depends on the 

cm-/Vs. substrate and proce.ssing parameters known in the art, once 

'fhe invention provides a p-type .semiconductor OTFr ""^ •'"■med with ihe knowledge of the present invenlion 

having a threshold voltage of between about -25 and 25 V, contained herein. Tbe.se temperatures are well below iradi- 

prcferably a threshold voltage of between about 0 and -10 ''"nal integrated circuit and .semiconductor proce.ssing 
V, more preferably between about 0 and -5 V. The invention .to '<2'"P«^''"'"res. which enables ihe use of any of a variety of 

provides an n-lypc semiconductor OTIT having a threshold fdalively inexpensive substrates, such as flexible polymeric 

voltage of between about -2.5 and 25 V, preferably a substrates. Thus, Ihe invention enables production of rela- 

threshokl voltage of between about 10 and 0 V, more ''^"^'y '""^fPens've integrated circuits containing organic thin 

preferably between about 5 and 0 V, ' transistors with significantly improved performance. 

The invention provides an OTIT with a .subthreshold .?.<; Objects and advantages of this invention are further 

slope below about 10 V/decade (absolute value), preferably illustrated by Ihe following examples, bul the particular 

a subthreshold slope below about 5 V/decade (absolute ^'^f'^ls and amounts thereof reciled in these examples, as 

value), more preferably below about 2 V/decade (absolute conditions and details, shouW not be construed 

value). The invenlion provides an OTFT with an on/off ratio ""''"'y ''"i'' 'h'S invention, 

of at least about JO^ preferably at least about lO', more 40 EXAMPLES 

preferably al least about 5xlO\ and even more preferably al Test Methods 

least about 10". A. Film Thickness 

Various combmation.s of these properties are po.ssible. For Single wavelength cllipsomelry was employed to obtain 

semSnd.!c,or"oT'^"hr'"' H 'J.* P'^P* '^^""'"^ °f '^^'^'^ ''^'n^ent organic film Ih.-ckness. Sub- 
.sem conductor OTFT has a charge-carrier mobility of al 45 sirale valuesofPsi and Delta (ij., and A.) were obtained from 

u \ TT'' •■l''-=Sa'.ve threshold voltage, a sub- ihe cleaned subslra.es a. an angle of incidence of 70- ancU 

threshold slope below about 5 V/decade. and an on/off ratio wavelength of 632.8 nm usfng a Gaenner Dual Mode 

a. wast about 10 . Automatic Ellipsomeier, model L116A (Gaertner Co 

Tlie present invenlion also provides a method of making Skokie, 111 ). The film was applied .0 the substrales. and film' 
a thin him transistor comprising the steps of: (a) providing >o values were mea.sured (i|vand 

a substrate; (b) providing a gale electrode material on Ihe Ellip.somelry modeling .software, WVASE37 (from J A 

sutelrate; (c) providing a gale dieleclric on Ihe gale dec- Woollam, Inc., Lincoln, Nebr.) was used to 'construct an 

cImJ" r " • r^""'"?. » self-assembled monolayer optical model consisting of 1500 A Al,0, on 10 A SiO, on 

(SAM) adjacent 10 the gate dielectric, Ihe monolayer being Si. Typical optical constants (included with the software) 

IJ^^r .? m'T ^f" "''u'-'"'" ' ^^"^ SiO- and Si layers. The floating 

precursor to the .sell -assembled monolayer, the precursor variables in the fil were the Ihickness (d) and refractive index 

compristtig a com,,os,..on having the formula X-Y-Z,,, (n) of the AJ^O,. Seed values of LSOO A and n=1.77 were 

Wherein X is 11 or CH,; Y is a linear or branched C,-C,o ".sed. Typical final fit values were between 1400 A and 1700 

aliphaiic or cyclic aliphatic connecting group, or a linear or A with n lietween 1 56 and 1 60 

branched Q-Qo group comprising an aromatic group and 60 Once and A„ were fil. ihe floaling variables (d^,,^. and 

sekcted ' mm "pn h" ''''P';?"^^'^"""'^'^''"^ group; Z is n,„„,) were .hen fixed. An organic layer was adcted m Ibe 

selec.ed from -PO,H„ -OPO3H,, benzoirtazolyl optical model, between the air and dieleclric layers. Tliis 

r H M ^^^'k*"" '^''^''''.^i^"^'""'"' (-0C(=0) layer had a variable thickness, but its refradivc index was 

-^z' "^mT^ (--O-C0H.N,), aminobcnzo- fixed al 1.46. The organic layer ihickness was ihen varied .0 

tt^Z^ 3ini'^°ru''l'' ^u°"' «' •« I'/'-nd V organic layer .hickne.2 

~tc "S^frrllT^ «f ri Ti^'^'^' -SO3H, was reported as the lh.4ne.s.s'of the self-assetJibte^l mono- 

— INL, — biCUCH,).. ^iCKCHj, amino, and phosphinyl; layer. 
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I 'or mtirc inlV>rmalion sec l.iiibinis, cl "('i)nip;irison of 
llic sirucuircs and welling propcrlics ol scH'-asscmhlctl 
mondlaycrs ol' nt>rnial-alkanclhii)ls on ihc coinage metal 
surfaces, Cu. Au, Air',,/ Am, Clwm. Soc, Vol. 1 13, pages 
7J52-(i7, 1991.^ 
H. Waicr Coniacl Angle (WC:A) 

Sialic, advancing, and receding waier contacl angles were 
measured wiih a video coniacl aniile apparatus (Model 
V(:A-25(MJXI:, from AS T Products. Hillerica, Mass.). Val- 
ues reported were averages of mea.surements on both .sides 
of at least Ihrec drops on each tesied surface. Estimated 
uncerlainties on these measurements were degree on 
static and advancing measurements and +/-2 degrees on 
receding measurements. Surface characterization data arc 
.summarized in Table I. 

C. Self- Assembled Monolayer Quality 
The structure and ordering of the monolayers were deter- 
mined using both contact angle and ellipsomctric thickness 
data with techniques reported, e.g., by Bain, el al., in,/. Am. 
C/ieni.Soa, Vol, 1 IJ , pages 32J-35, J 9iS9. According to this :o 
method, when advancing water contact angle values were 
between J I J and 115° and receding angles were greater than 
100°, a well-ordered methyl terminated surface was likely 
responsible. When the ellip.sometric thickness was about 70 
to 1(»0% of the calculated length of the molecule (i.e., ai-K^ui 
18 to 19 A for l-pho,sphonohexadecane), the phosphonoal- 
kane molecules likely were oriented largely normal to the 
surfac*e with their methyl ( — CH3) groups al the air/ 
phasphonoalkane film interface and their phosphono groups 
at the phosphonoalkane film/dielectric interface. 
Conversely, advancing water contact angles bclween 100 
and 110° indicated a film with less ordering of the alkanc 
chain.s, suggesting that the air/pho.sphonoalkane film inter- 
face was composed of methylene ( — CH^ — ) as well as 
methyl group.s. 

D. Thin Film Transi.slor Performance 
Transi.stor performance was tested at room temperature in 

air using techniques known in the art, for example as shown 
in S. M. Sze, Physics of Semiconductor Devices, page 442, 
John Wiley & Sons, New York, 1981, which is herein 40 
incorjioraled by reference. A Semiconductor Parameter Ana- 
lyzer (model 4 145 A from Hewlett-Packard, San Jo.se, Calif.) 
was used for the results below. 

The square root of the drain current (I,,) was plotted as a 
function of gate-source bias (V^, from +10V to -40V for a 45 
constant source -drain bias (VJ of -40V, and the .saturation 
field effect mobility was calculated from the .straight line 
portion of the curve using the .specific capacitance of the gate 
dielectric, the channel width and the channel length. The 
X-axis extrapolation of this straight-line fit was taken as the 50 
threshold voltage (V,). In addition, plotting 1,, as a function 
of V^ yielded a curve where a straight line fit was drawn 
along a portion of the curve containing V,. The inverse of the 
slope of Ihis line was the subthreshold slope (S). The on-ofl* 
ratio was taken as ihc difference between the minimum and 55 
maximum values of the I,/-V^ curve. 
Male rials 
Precursors 

The self-assembled monolayer precursor 
l-pbosphonohexadecane (CH^ — (CH2)3 5 — PO^H^) was 60 
commercially available from Oryza Laboratories, 
Chelmsford, Ma.ss., 1-phosphonooctane (CH3 — (CH^)? — 
PO3H3) was commercially available from Alfa Ae.sar, Ward 
Hill, Mass., and the 1-pho.sphonohexane was commercially 
available from Organomeiallics, Inc., Ea.st Hamp.stead, N.H. 

In lho.se instances where the phosphonic acid as received 
contained residual ethyl esters, the materials were purified 
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by hydrolysis of residual ester in aqueous hydrochloric acid 
at 100° C. Ibllcm'cd by recry,stalli/.ation of the phosphonic 
acid from heptane or methanol using procedures known to 
tho.se .skilled in the art. 
^ The 1 -phosphono-3,7,1 1 , 1 5-ietrameihvIhexadecane 
(CM (CHCIl ,CI LC:i IX'H ,)3C1 ICI 1 ,CI KCl I,— PO-1 K) 
.sel f-as.se mb led monolayer was synthe.si/ed according to the 
following method. Pie materials were all conimerci;jl]y 
available, e.g., from Aldrich Chemicals, Milwaukee, Wis. 

To a .solution of g (109 mmol) of 3,7,1 1,1. S- 

letramelhyl-2-hexadeccn-l -ol in 200 ml. of ethanol were 
added 0.3 g (3 mmol) of triethylaniine and 500 mg of 5% Pd 
on carlwn. The mixture was maintained under .SO p.si (34.S 
kPa) of hydrogen on a Parr hydrogenaior for 24 h. The' 
mixture was filtered and concentrated, and distillation 
aflorded 41.7 g (837^) of 3,7,11 ,1 5-tetramcthyl- 1- 
hcxadecanol as a clear, colorless liquid, bp 150-155° C'. at 
0.05 mm Hg. 

To a mixture of 40.0 g (134 mmol) of 3,7,1 1,1. S- 
telramethy 1-1 -hcxadecanol and 4(Kl mL of 48% hydrohro- 
mic acid was slowly added 40 mL of concentrated sulfuric 
acid. The reaction mixture was heated al 1 00° C. for 24 h and 
poured into J .2 L of water. The mixture was extracted with 
hexanes, and the combined organic pha.ses were wa.shed 
with saturated aqueous NaIlC03 and dried over MgSO.,. 
The .solution was concentrated to a dark liquid, which was 
e luted through 3 inches (7.6 cm) of silica with hexanes. 
Concentration of the elueni yielded a light amber liquid, and 
bulb-to-l")ulb di.st illation gave 40.8 g (84%) of l-bromo-3,7, 
11,15-letramethylhexadecane as a clear, colorle.ss liquid, bp 
160-180° C. al 0.06 mm Hg. 

A mixture of 21.69 g (60 mmol) of l-bromo-3,7,11 ,15- 
tctrameihylhexadecane and 25 g (150 mmol) of triethyl 
phosphite was heated at 150° C. After 18 h, an additional 20 
g (120 mmol) of triethyl phosphite was added, and healing 
was continued for 24 h. Diethyl elhylpho.sphonate and other 
volaliles were distilled, bp 30-50° C. at 0.05 mm Hg, and 
bulb-to-bulb distillation of the concentrate provided 23.51 g 
(94%) of 1 -(diethylphosphono)-3,7,l 1, 15- 
lelrameihylhexadecane as a clear, colorless liquid, bp 
190-230° C. at 0.05 mm Hg. 

To a solution of 14.6 g (35 mmol) of 
l-(diethylphosphono)-3,7,ll,15-tetramethylhexadecane in 
40 mL of dichloromethane was added 15.0 g (98 mmol) of 
bromoirimethylsilane. After 24 h at room temperature, the 
solution was concentrated to a pale yellowish liquid, and the 
intermediate silylphosphonate ester was dissolved in l(K) 
mL of methanol. The resultant solution was stirred at room 
temperature for 30 min and concentrated to a white solid. 
Di.ssolulion in methanol and concentration were repealed 
two limes, and recrystallization from ethyl acetate afforded 
10. .S g (837^0 of l-phosphono-3.7,11.15- 
teiramethylhexadecane as while crystals, mp 69-72° C. 

The ^H, and '''P NMR .spectra of the final product and 
all intermediates were consistent with the structures of the 
target compounds. 
Sub.strates 

Single crystal <1(XI> orientation silicon wafers were 
obtained from Silicon Valley Microelectronics, San Jose, 
Calif. A 1500 A layer of alumina was deposited on each 
wafer front via chemical vapor deposition methods. A50(Kl 
A layer of aluminum metal was vapor deposited onto the 
backside of each wafer. In this demoastralion, the doped 
wafer capped with aluminum served as the gate electrode 
and the aluminum oxide functioned as the gate dielectric 
when organic thin film transistors were prepared. 

EXAMPLE 1 

A silicon wafer sub.slrate de.scril")ed above was quartered 
and cleaned u.sing a 5-minute expo.sure in a UV/ozone 
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chamber (homc-hiiilu shori-wiivclcngih UV). I hc sclccicd 
scl J'-nsscm h I ccl monolayer precursor 
(J-phosphonohcxaclccanc) was applied Ui Ihe alumina sur- 
face of I he prepared suhsiraic by spin coaling a 0.1 weigh I 
perceni (wi %)so!uiion of the precursor in absolute elhanol 
al 300 rpm for 5 seconds followed by 2(K)0 rpm for 15 
seconds. ITic coaled subslrale was then healed at ]5(»® C. for 
3 min on a vacuum holplale, ihcn rinsed in fresh elhanol and 
dried under a nitrogen stream. 'J'hc result was a self- 
assembled monolayer on the alumina layer of the substrate. 

Water contact angles and coaling thickness of the result- 
ant self-assembled monolayer were determined on the 
coated sample using the procedures described above. The 
results appear in J able ] (below). 

Peniacene (available from Aldrich Chemical) was purified 
in a 3-zone furnace (Thermolyne 79500 lube furnace, from 
Barnsiead Thermolyne, Dubuque, Iowa) al reduced pressure 
under a constant How of nitrogen gas. 

The purified peniacene was deix)si!ecl by sublimalion 
under vacuum (approximalcly H)*'" Torr (or 1.^3x10"* Pa)) 
onio the self-assembled monolayer prepared surface al a rale 
of 0.5 A per second to reach thickness of 5(K) A as measured 
by a quartz crystal microbalance. Palladium or gold source 
and drain electrodes were then shadow masked onto the 
peniacene layer. The device dimensions were 40 //m channel 
lcnglhxlO(K)//m channel width. 

Multiple OTFIs were prepared and a repre.scntative 
sample of 3 lo 7 OTFTs were lesied for each of .seven 
deposition runs. The averaged results appear below in Table 
2. Exceptional results occurred in single OTFTs with charge- 
carrier mobilities of around 3.7 cm'A^s while ihc other 
values remained at or near the averages. 

EXAMPLE 2-4 

Examples 2-4 were prepared as in Example 1 with the 
precursor .selection changing as listed. In Example 4, a 0.5 
wt. % .solution of (he precursor was used. 

In Example 2 ( 1 -phosphono-3,7,1 1 ,15- 
lelramelhylhexadecane), multiple OTFIs were prepared and 
a representative .sample of 3 lo 6 OTFTs was tested for each 
of 3 depo-sition runs. The averaged re.suhs appear below in 
Table 2. 

Example 3 (1-phosphonooclane), mulliple OTFTs were 45 
prepared and a representative sample of 1 lo 4 OTFTs was 
tesled for each of 6 deposition runs. The results appear 
below in Table 2. 

Example 4 (1-pho.sphonohexane), mulliple OTFTs were 
prepared and a repre.sent alive .sample of 3 OTFTs was lesied 
for each of 3 deposition runs. The averaged pear below in 
Table 2. 



Comparative Example 1 

A silicon wafer substrate was cleaned u.sing consecutive 
rinses of acetone, 2-propanol and de-ionized water, followed 
by heating for 3 minutes al 100** C on a hoi plale and a 
15-minule exposure in a UV/ozone chamber (home-built). 
WCA was as in Examples 1-4 and ihe results appear in Table 
I (below). 

Peniacene and source and drain electrodes were deposited 
as described in Examples 1-4. In Comparative Example 1 
(no surHice ircalmenl). multiple OTFTs were prepared and a 
representative sample of 3 to 7 OTFTs was tested Ibr each 
of 40 deposition runs. The averaged results appear below in 
Table 2. 
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In Table 2, the numbers in parentheses are the standard 
deviations. 

For comparison, known devices treated with OTS have 
shown comparatively very high threshold voltages (above 
60V), although OTFTs were still pos.sible, as described in 
Jackson, ei al., "Penlacene-Based Organic Thin Film 
Transistors," JEEE Transactions on Electron De\iceSt Vol 
44, pages 1325-31, 1997. 

Various modifications and alterations of this invention 
will become apparent lo those skilled in the art without 
departing from the scope and principles of this invention, 
and it should be understood that this invention is not to be 
unduly limited lo the illustrative embodiments set forth 
hereinabove. 

We claim: 

1. An organic thin film iraasistor (OTFT) compri.sing a 
self-assembled monolayer interpo.sed between a gale dielec- 
tric and an organic semiconductor layer, the monolayer 
being a product of a reaction between the gate dielectric and 
a precursor lo the self-a.s.sembled monolayer, the precursor 
comprising a composition having the formula: 

wherein X is H or CHy, 

Y LS a linear or branched C-S-C50 aliphatic or cyclic 
aliphatic connecting group, or a linear or branched 
Q~Qo group comprising an aromatic group and a 
Q-C^4 aliphatic or cyclic aliphatic connecting group; 
Z is selected from ~PO-H., — OPO3H;,, benzoiriazolyl 
(—QH^N-), carbonyioxybenzotriazo'le (— 0C(=O) 
QH^N-i), oxybenzotriazole (~0— QH^N-), ami- 
nobenzotriazole (— NH— QH^N3), — CONHOM, 
— COOH, —OH, — SH, —COSH, —COSeH, 
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— (\I1.,N, —Sell, — SOJL — NC\ — SiCKCIIOz. 
— SiCKCIl-, jiminu, ;ind phuspliinyl; 
;incl n is I, 2, or 3 provided ihiil n 1 when Z is — SiCI 
(CM,), or — SiCKCIl,. 

2. Hic Ihin lilm iriinsislor of chiim 1 hnving a Ihrcshold 5 
voliagc hclwccn alxiiit -25 and 25 volis, a sublhrcshold 
slope hclow aboui 10 volls per decade (ahsolule value), an 
on/oir ralio of al leasl abouI lO', and a charge-carrier 
mobilily al leasl ahiuil 25% belter lhan a comparison OTI'T 
lhal lacks ihe self- assembled monolayer. 

3. llic ihin lilm transislor of claim 1 having a ihreshold 
vollage beiween aboni -25 and 25 volls, a sublhreshold 
slope below abt)Ul 10 vohs |>er decade (absoluie value), an 
on/olT ralio of al leasl aboul 10', and a charge-carrier 
mobilily al leasl aboul 50% beller lhan a comparison OTFI' 
lhal lacks ihc self-assembled monolayer. 

4. 'Ilie ihin lilm iransi.slor of claim 1 having a Ihreshold 
vollage beiween aboul -25 and 25 vol Is, a sublhreshold 
slope below aboul 10 volls per decade (absolute value), an 
on/olT ralio of al leasl aboul JO', and a charge-carrier 
mobilily al lea.si aboul 100% beller than a comparison OTFT 2H 
lhal lacks Ihe sclf-a.ssemblcd monolayer. 

5. Hie Ihin lilm transi.sior of claim 1 comprising a gale 
dielectric lhal comprises an inorganic electrically insulaling 
material. 

6. 'ilic thin lilm transistor of claim 1 comprising a gale 25 
dielectric lhal comprises an inorganic eleclrically insulaling 
material selected from stroniiaies, lanlalaie.s, lilanale.s, 
zirconaies, aluminum oxides, silicon oxides, tantalum 
oxides, titanium oxides, silicon nitrides, barium lilanale, 
barium strontium lilanale, barium zirconale lilanale, zinc 30 
selenide, zinc sulfide, and alloys, and combinaiions, and 
muliilaycrs thereof. 

7. The ihin film transislor of claim 1 furiher comprising a 
non-participating subslrnle. 

8. The thin film transistor of claim 7 wherein the non- 
participating substrate is selecied from inorganic glasses, 
ceramic foils, polymeric materials, filled polymeric 
materials, coated metallic foils, acrylics, epoxies, 
polyamides, polycarbonates, polyimides, polyketones, poly 
(ether ether ketone), poly norbornenes, 40 
polyphenyleneoxides, po]y( ethylene 
naphthalenedicarboxylate), poIy(ethylene lerephthalale), 
poly(phenylene sulfide), and fiber-reinforced plastics. 

9. The thin film transistor of claim 7 wherein the non- 
participating substrate is flexible . 45 

10. The thin film transislor of claim 9 wherein the flexible 
substrate is capable of wrapping around the circumference 
of an al')oui 10 cm diameler cylinder without breaking the 
substrate. 

11. The thin film transislor of claim 9 wherein the flexible 5o 
substrate may be rolled upon it.self 

12. The Ihin film transistor of claim 1 comprising gale, 
source, and drain electrodes, each independently comprising 
a material selecied from doped silicon, metal, and a con- 
ducting polymer 55 

13. The thin film transistor of claim 12 wherein ihe gate 
electrode comprises a material selecied from aluminum, 
chromium, gold, silver, nickel, palladium, platinum, 
tantalum, titanium, polyaniline, poly(3,4- 
oxyethylencoxylhiophene)/poly(siyrene sulfonate), alloys 60 
thereof, cx>mbinalions thereof, and multilayers thereof. 

14. The thin film transistor of claim 12 wherein the source 
and/or drain electrode(s) are selecied from aluminum, 
barium, calcium, chromium, gold, silver, nickel, palladium, 
platinum, titanium, polyaniline, poly(3,4- 65 
elhyIenedioxythiophene)/po]y(styrene sulfonate), alloys 
thereof, combinations thereof, and multilayers thereof. 



15. The thin lilm transi.sior of claim I wherein Y is 
selected from a .saturated aliphatic group, an unsaturated 
aliphatic group, a .saturated cyclic aliphatic group, and an 
uasalurated cyclic aliphatic group, or a combination thereof, 
each of which may be linear or branched. 

16. The Ihin lilm iransi.slor of claim I wherein the 
monolayer precursc^r compri.ses a composition .selected from 
C'll- — (nK)„, — P() -I L, wherein m is an inlei>er from 4 to 
21.' 

17. Ilie thin film transislor of claim I wherein the 
monolayer precursor compri.ses a composition selected from 
1 - p h o s p h o n o h e X a n e , J - p h o s p h o n o o c l a n e , 
1 -pho.sphonohcxadecane, and 1 -phosphono-3,7,1 1J5- 
lelramelhylhexadecane. 

18. The thin film tran.sisior of claim 1 wherein the organic 
semiconductor layer comprises a material selected from 
acenes, perylcnes, fuUerenes, phlhalocyanincs, and oligoih- 
iophenes. 

19. The thin film transistor of claim I wherein the organic 
semiconductor layer comprises penlacene. 

20. An integrated circuit comprising a mulliplicily of the 
thin film transistors according to claim 1. 

21. An integrated circuit comprising a mulliplicily of the 
thin film transi.slors of claim 1 on a non-participating 
.substrate, which optionally is flexible. 

22. A composition comprising 1 -phosphono-3,7,J J,15- 
teIramethylhexadccane. 

23. A method of making an organic thin film transistor 
comprising: 

a) providing a .substrate; 

b) providing a gate electrode material on the .substrate; 

c) providini; a gate dielectric on the gate electrode mate- 
rial; 

d) providing a .self- assembled monolayer adjacent to the 
gate dielectric, the monolayer being a product of a 
reaction beiween the gale dielectric and a precursor to 
the self-assembled monolayer, the precursor compris- 
ing a composition having the formula: 

wherein X is H or CH-; Y is a linear or branched C5-C50 
aliphatic or cyclic aliphatic connecting group, or a 
linear or branched Q-C50 group comprising an aro- 
matic group and a C--Qj aliphatic or cyclic aliphatic 
connecting group; Z is selected from — PO3H., 
— OPO3H2, benzol riazolyl (— Ce.H^N3), carbonylbxy- 
benzotriazole ( — 0C(=0)QH.,N3), oxybenzoiriazole 
( — O — C^iH^N-,), aminobenzotriazoie ( — NH — 
CcH.,N,), — CONHOH, — COOH, —OH, — SH, 
—COSH, — COSeH, — C,H^N, — SeH, — SO-H, 
— NC, — SiCKCH-,)., — SiCTlXH-,, amino, and pbos- 
phinyl; and n is 1, 2, or 3 provided that n«] when Z is 
— SiCKCH-,). or — SiClXH-; 

e) providing an organic semiconductor layer adjacent to 
the monolayer; and 

f) providing a .source electrode and a drain electrode 
contiguous to the organic semiconductor layer. 

24. The method of claim 23 wherein the steps are per- 
formed in the order listed. 

25. The method of claim 23 wherein the siep of providing 
a self-a.ssembled monolayer involves a coating process 
.selected from spray, spin, dip, gravure, microcontact 
printing, ink jet printing, stamping, transfer printing, and 
vapor deposition. 

26. The method of claim 23 wherein the source and drain 
electrodes are provided adjacent lo the gate dielectric (before 
the step of providing a self-a.ssembled monolayer on Ihe gate 
dielectric. 
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27. The mcibotl (if claim 23 wherein an cxcx-ss (if ihc 
prcciirsDr is pruvitlccl in slep (d), AOlDwctl by allowing 
sullicicni lime \\\r inicraciion which may bo i nsi a nl a neons, 
and removing excess precursor. 

2H. The meihoci of claim 23 wherein ihe subsiraie is ^ 
Ilexible. 

29. The mclhod o\' claim 23 wherein ihc subsiniic is 
selecled from inorganic glasses, ceramic foils, polymeric 
malcrials, lillcd polymeric malcrials, coaled mciallic Toils, 
acrylics, epoxies, polyamides, polycarbonales, polyimides, lo 
polykclones, poly(elher eiher kcione), polynorbornenes, 
polypheny leneox ides, poly(eihy lene 
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naj^hlhalenedicarboxylale), polv(eibvlene lerephlhalale) 
poly(pbenylene siil/ide), and libcr-reinlorced plastics. 

30. Ilie melhod of claim 23 carrietl oul in iis enlirely 
below a peak subsiraie lem|x;raUire of 250° C. 

31. The mclhod of claim 23 carried oul in jis enlirely 
below a peak sulrsirale lemjwraiure of 15(1* C. 

32. The melhod of claim 23 carried oul in ils cniirxriv 
below a peak Icmperalure of 70** C. 

33. The melhod of claim 23 carried oul on a web. 

34. An iniegraied circuil comprising a pluralily of ihin 
Dim iransisiors made by ihe melhod of claim 23. 
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